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(57) ABSTRACT

Embodiments of the present invention disclose an ATCA data
exchange system which includes: a backboard, at least one
exchange board and service board. The exchange board
includes at least one Fabric port group, each of which 1s
connected to a service board through the backboard to form a
first exchange channel for broadband service, the Fabric port
group includes four difference sending and receiving port
pairs, and each port pair includes a pair of difference receiv-
ing and sending ports. A connector 20 1n the Fabric interface
ol the exchange board includes at least one port pair, and each
port pair 1s connected to a service board through the back-
board to form a second exchange channel and 1s configured
for a separate narrowband service data exchange that 1s inde-
pendent of the broadband data exchange. Thus to simplity the
processing of narrowband data and to decrease the time delay.

9 Claims, 8 Drawing Sheets

y O
Fthoruer ' PN T

R RCY interinees

]

: 3 )
E g resmEEEERRERE ? """""" Il ““““““’: """ bl R
" : [ 1 4 :‘ T . N *
f:fh"h:l Faene ; f*-: 3 Dﬁ-{i* s
############### : . ‘-‘. 1#; : i — - 1.: ) :!,:"1. *
DORARIENG P | L PIRDESEsING SN
Yo in i e iy ey i i e e e e e e : ##### -lr-#il-"

. : Lo S T T I TR SRR WCR
SRR . : i pxchanoe mepvice Hoard L
Servicgbantg | ' g SE < A% o0 A
: mmap B Sharad 4% {32 3
. ' _ M t LR L1 - L T S Nt S S L PR :
, fTTTTITITTeTIIIIG e e _ﬁ_i:“.ﬂ..sgﬂ : I RCRIEL TR CURE LT § S ; '=
o i T L M Sl oI NEL L e & P ey :
: SRR 5 SRR LA 1 LI Eoxchange p L
P L 2N : oy 3 firuwd of ' B AR "'.1 }
: : 1 1[:: . . 'a-1.1- . - 1! . r % L]
: , P 1 FOTVICER BQICH @8 gk :
: S, . ; ....... PRt 'I‘i)fs-;‘i.;'i;:{ N e e , :
: ! | l-..:-.. . . Ty a . . . - R . : t : ! A ~ '.‘ e A L : gt - b n '1' . - ; RN B - -y :
: o1 Fabrie (abvigd A0GE MAC 1§ sfennow o b Rabnedfubeioy 3006 MAL $d
. : i . ¢ + T e R L ! . - u Co
* L | S, P A P B P P R I % 4 4 u )
] :l E : t T > , f L] . ! 4‘ ' I:
: : ; S S I L
M e _s_._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._ '-'-r'-'—'-r'-'—'-r'-'-'-r'-'lr'-r'-'-'-r'-'-'-r'-'-'-r:: ,‘-L . ' ‘_. I_._._._._._.:l__._._._._._._._._._._r:._._._._._._.; ................................................................... _.l; ......... ]
. ' T : > 2 : ’
y ’ e ..rf J ™ N : 4
s L - o . . 1 .
:iitiiii:‘:. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii .‘i.:l.i.-:‘i:rl‘ii:{hl’:iitiitiitiit iiiitiitiiti:“:itiitiitii:li,h:::‘-"tiitiitiiz iiiiiiiiiiiiiiiiiiiiiiiiiiii 'I :itiitiit:l
: N -7 iFachtoard ~ - -'
ey - - .- - e e _— s

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""



US 8,811,577 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

8,155,520 B1* 4/2012 Westetal. ...................... 398/50
2007/0192051 AL* 82007 Tzumi ........ooevvviviiinnnnnnnn, 702/89
2008/0152217 Al 6/2008 Greer
2009/0149221 Al* 6/2009 Liuetal. ................o., 455/561

OTHER PUBLICATIONS

Search report 1ssued 1n corresponding European patent application
No. 11795084.0, dated Feb. 13, 2013, total 7 pages.

Alexandra Dana et al., “ATCA: Its performance and application for
real time systems,” Jun. 4, 2005, total 6 pages.

* cited by examiner



U.S. Patent

L

hﬁ}éﬁ z“{i

Aug. 19, 2014 Sheet 1 of 8 US 8,811,577 B2

11 H}

-‘--l'."'."'-i'- -‘_

.*.,..q‘. ,,..'FF'

RETVIE

“ B
5 2 . He:' %
".'\., -“"h.. ‘a..;‘:’ -;;:P \"-.
', o o )
Vi, e e g “ons -.'-"".
"'. ] 1 -".' - ".ﬁ P |
Bl ™ 'i'-l-w'i" iy s m
- . i A A Ty .
-e-.%::_.__h“_. s o TR
“w Mt I k-_« "y .y - TN
e A ny ..:. e et - ..f-"‘ Sy
™ A e . i
f.-.- . - 'i-'--"-- _....- -ﬂ'.lﬁ-;‘#t 3
h.:.l-‘.'*n - ety A , . ;""“""'i -,
" e & LR o>
'...“":“'U .'l:- ‘*‘-ﬂ:;‘?"-"-"-!p . h'::';wiﬂ'
"'N-'._. " et S g
n, J',;. & e SOV
™ . o =K
“u % ’ -~ Ry e
e, ™, " T e,
L 4 PN PR L i
"I.- "I' .‘.'_ " .-:::- P

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL 3

/ ; §
{Exchange - Eachumge)
v board 2 Ehmﬁiﬁ

™,
- i
5
/
\"'r;
.",.-:'

“‘}Lﬁ IO
. boargd

lI'_..g_n.- - .“
=
. s, T -l"-ll"'"i
q;l-'--.-"-

ot i Il"'h
1 w-."‘l
_‘I'H" *hl"" "

T -

i*.m., han g
%is.s;;}.;%sz?‘a;i

-h-#-il-h-#-il-h-ﬁ-il-h-#-il-h-#-il-h-ﬁ-il-h-#-il-h-ﬁ-il-h-ﬁ-il-h-#-il-h-#-il-h-#-il-h-#-il-h-ﬁ-il-h-#-il-h-#-il-h-ﬁ#######################‘
Elak itk Tl T il Tl il T el T il Tl il Tt el Tl el Tl el el il Tl el Tl Sal il Sal el Tl LR R T T T hE ik T Sl Tl il S ek Tl il Tal el ek Tl el |

L3
.
LB
LB
.
LB
LB
LB
LB
LB
.
LB
LB
LB
LB
LB
.
LB
LB
.
LB
LB
LB
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
LB
LB
LB
.
LB
LB
.
LB
LB
LB
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
LB
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
L3
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB
.
LB
LB

service board

#5% LY ol o L

DR gf}-&.#&%i"ii
¥

O

FiGr 2 =Py Arge

% R Y mf
gﬁ‘ﬁ-ﬁ? €.'§

E
:5



U.S. Patent Aug. 19, 2014 Sheet 2 of 8 US 8,811,577 B2

Sl channely constiiuied
% EEE R "%h ﬂ I
by difference sending angd _ | Kprvice
FECOEY HIE DO DAl Fi exohange changd byl

;;; /

B, 0, 00 e, 0, 0, B, 0, B, 0B, B, 0, B, 0, B, 0, 0, B, 0, e, 08, e, 0, 0, B, 0 O, B, 1& : ﬁtﬁtﬁtﬁtﬁﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhﬁhtﬁt

Esochange
bosnrd

E?ﬁ*-{rs;szd?i’mg‘;é m.,mm Bméﬁ i BEEVICLS
' i such as the ¥

SRTVICE )

Ll R

B B B ; e e e e B B e e o e B B e B e e e B e B B,
- )

Mamrpwband Narrpwhand
ﬁ 3.:» 'i.q ‘g-q, g_ﬁ gv Ei i'igq ﬂ} L 3 *-: e L -. ; i"“ﬁ? g '5;( 'E:S:' ij“t i%i gi:'g'i -;-ifﬁ ﬁ}ﬁ

i‘i._‘

& et :E: ﬁ"* z B Al A W U el T SR
1% : CE RINWEI PR NI
*ﬁ’““” Second exchange channel] | DM Cserace)

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

R R e i e S
‘.'..............'........'..............'........'.....'........'.....'..'..

Fone? 2, COFHIR ’ia:s:ﬂ;% H

i:&. %ﬁih %ﬂ. g'-:‘il’-‘ ﬁf‘d
N

U IRt

K r
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

mmmmmm

FIG 4



US 8,811,577 B2

Sheet 3 of 8

Aug. 19, 2014

U.S. Patent

oy, gy, npgitgigr  fegigiigl,  igleghgty - ngigingingn  Segigingh,  higigin-  geaigigt iyl gy pgigingh gl pigigdy gt gl pigigingd g, gy Pttt oty it St vt Cewite et it it it Seui Autt i el et e Ciunt i, ity it Sy

u..-. e, 2 o~ w .n\..w__-.ﬂ. M m )
. 8 .2 - m
4 § 73 .
o . .
i m Fois , M
“rugete” m £
M - ~M.-D..D..__.__M M
. .
E.E..w ety m
e foat m
I‘ -..- ..- ..- ..- -.ﬁ ..- ..- ..- ..- ..- ..- .l.‘.. ..- ..- L ." l‘ ..- ..- -ﬂ.- ..- ....1‘ -..- ..- 4-- ..-.. ..- ..- ..J. ..- ..- ..- .- ..- ..- . ..- ..- -' .- ..- ..- -..- --' ..- ..- .. ~ ..- ..- .. .- ..- ..- .1".- ..- ...I‘.- ..- ..- L] ‘- ..- .. *- ..- ..- #‘ ..- ..- .h-- ..- -4- ..- ..- -- ..- .- J
. " 'y " by A : i) ; M W W _ 4 . : L3 . P
i - r - ] L ' ) ¥ AT L 2 T ) » . T
rh > > £ - ¥, . * . o : v o g ¥ ¥ T . 4
T ¢ 3 ‘ I T : 73 Mwﬁ. e fages $rat ag b - ,”m.w RS et L A "M
L) i K : / . . " L . . L .._ s L - 1
L v .M ! m.u 4 ¥ “.. H M . m L] E Gty 3 W, X Qetaruty J ¥ e AL
r's S K . : y L3 " + . R . . . LS w -_. *
i n e ¥ o0 LA SR B Y el R I . 3 : ¥ S el el haraol et anrar e | N B ¢ 3 s ”w
”". ”I_ |.{&... “ “n ' h “..... N . 1M~ .y 1-..._._ ...ﬁ ...._.._ ¥ ooy %}-_ .1‘}- a .E M J‘» 4_‘_. -_1 . .._.m . _.a.'.- . 5 .." ¥ -u.i‘n‘o&.. ¥ 1“.. ) T,
¥ v s A .. ¥ et 4 I L .sL.v .?.w .rtv“ .t.w -s.v - N.E_w.ﬁ- ¥, R + € SR
N R il 3 s L jpinininl §piminind 3 A ' _ ool Ba o' Bods Jeclf Sl SRR AR RS A & ¢ A s 2
'} - - ' ' 4 .. " . . ) B, ' e : LA H . X u._. : "
IPE I A 3 PF fnmees Fgeean e ot ot dl el Bl D et Poni ks My pAy M A
v o et Ll ot T I Rttt B St B o RN B WELE NS . bR AR B E B o vy £ omenn el i € e B Nmep b
T ¢ 2ud My AR AL Xy 3L et ol . Sk § omedy dmeb p e v e poyn ey oaed y sl sk, m
= ..._ : T ‘ol “wh W o L vt .T.__._.__. M 3 ataah o' satal. 8 e Sl o ettt o o dwwlty e L ¥ L ww
] -r . I_.w_l__. - .r 1 " ll * 1‘._ il . i} il - ] C il 1 » a f] ..' 1 - ll [ ll. 1 »
-l PR ¢ e gen L et oen y geey A vmel b e AR I . ....ﬁw DAY e d hdy ey w wed ¥ e mel ¥ 3 P IUR T
gt T : Aerere b utatd “..H ek & enerd b etk d e § ey e b e M m P e, ; e SRR T R R SR * oo e 3 IR R AR
. P . v . gy 5 ¥ . y v e Caaaa B b e s e, | T i ¥ w2 el wh ¥ el
Y ¢ PN o L L aen g e L e 4 A LYYy Y L F YW L e . w I S . v . ¥ - ¥t b e Y
g el ¥ - ; . . prrl A, i . > > LB . n A T ey S aplnmp Semmpm ¥ S, e
bt .ﬁ.m Pl Boo 8 Bl g B IR E Wbt R MR d vk M Wi b AT D T A s iy T EEIARES
et WAL WA wad b oa P e A ey e D B S N et . . _ - 4+ y Tt ¥ - v : *
oy . ¥ it B ta B I it d T il Wadd Anmimms fomaem X o .\ﬂ mcopmp ﬂr“u. ¢ ﬁ 3 .Miv g o ' o b . ¥ R -t
ol e il e 4L Wi} Rueleel LT Pt ogar o e T T : > 4 £l San nad Al St
rﬂ..ll?.i. . Ll.—.-.-l.._.h. _.-”. -J_...._ . “n“l- I.... £ H...» 1r- l.i.... -. ;-_.. ...__. qM __._.{-. W.i{- 1“._.. y & b.. { W - r-_um 'y _l.1 -\-h..._ “-_“ .." . . -u o %n . . 1“. ¥ . S +
e N .. O CR I O+ i 25 m.“. e 4 ¥ g HEE A i P B T B Ay .....N.._. N oAt #..H...n * H .LMH," S d
e s TRV £ " . ; 4 ¥ ) + B ol e T R AV Sty e Y ool el W e
.vl_._..nl,....l_...l. m..r._.l”t i “ r " ! 3 ¥ v * . . % ._.-_.l.}}..-_ ...l.._.-d-v.ul HH___. » #J-.rlh.ur. ¥ _..1-1 i’._ q_.-_i )
> . ) A -__. l.. “..... .1.& _T. 1..._ + M__. ._.I. -_ . ..'_ » _-I ' a ..'. ' Bl ll_u .. > ‘At *
e 02 x ' 3 : 3 : () N _ ¢: it AP, igA % ‘. DAt |
LN - ., r i . ¥ . N - R - L . 5 . .'.... LA -y *, "%
o ¥ o > 4 .. i 4 (5 ) | : i3 : g | oo A wmans g Namm
-.lw__..w_t-. ’ 1.._._-.“..&#-"..._..”....”..__....-...__...._-.?.........._...I.__.__......__._..ﬁ. e e e i...__...l.__.__...l.__.__..... I Py R -“......_......l.__.__...I.__.-.!.-.._._....l.__......I.....t.“.......l....__...l.__.__....-ti....l.__.._..._l.__.__..... e L S M L N, .._._....l.__.__...l.__.__...“._....l.__.__...l.__.._... f R .J..“ﬂ.._..l.__.__...l.__.__ L ...l.__.__...I.__.__.....‘ﬁ..l.__.__...I.__.__......._.-?..__.__...I.__.._......._...-u..__...l...._....-.._._.... ...I.__.__......._._....lﬂ.".._l.__.__......._._....l R N R N
i L ¥
nn Ol W A L
1.1 ..__-.-H.”H... 1.“___.1.".“ H”...l.lu“m - T M T T e T P SR T ST MM Y ST T T T W oM B o B o B R Y L o L R
T Vs SO Tl

i
L |
-
-
o

L ]

1%
N
i35
A2

d
i
:
Py
%

v
.
L)
|

'
3
ok

_ii’
%

[
F

»
Y
.
o

LT TN u;.@.i‘

'.l-
b
LN
1

pid
ii;._

IO

£
R
Y
Y
$

3

3

XX LR

2
!

:
LA
.
::t
'n

-'
§

3
3
:
o
-
;
3

&

1;:...

. ..‘1- .

o

b ¥
%
b

o,
K
- 3..{

* >N
LS
e B
n st .
SEEES
N1

Zg'
T TP
"L
3
%

3
E

¥
i

;.:3.
-’-'::-g

o
[ 3

5,
:E.
#
2
¥

3

2

ik
3
te g

;
o

wu'n
L
-
-I.‘. b
.

i

B
2

¥

Et:

Py

31
i

I'*I-

- wm

X3
i

.
.-. ¥ L=
. .
[ ] * Fl
. .-_.__.ni
.
y o+ ¥
' T
[ J Fl
¥
. " .
- ¥
-
r
" -
* ¥
¥ -
L -
¥ ’
. ¥ .
LA x L]
| J - o F ] F
] .'..'l - - - F I I ]
w-
F ] b & & & & & b & & bk k& & F ]
1l‘_ FY a & 2 & = b 2 b & b ma & & & a
- - b & & & & & & & & & b & b &b & b b h s S OE b & & & & & & & & & & & & & b & b s b s s A s s A s S A S -
[ L ] 2 2 o o A 2 2 2 2 2 a2 a2 s h s s s s s s s s s s s a2 h s as s s s s s a2 sk s ks s s s s a sk s ks a s s aa s
r -
r & 4 & & & & & & & & & & & b b b s s s s s s s A s s s s s s s s Ah s s A s s A s s A s s A s s A s S A Ao F ]
r r dp a & & & 2 & &2 b &2 b & bk a h a s a h a b a k a & &2 & 2 & a2 b a2 b & b a2 b a2 b a s a bk a s a sk ah ad adoa
r - .r'.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r P T T " T T T T N N T R T I R R O T R I R R D T R T R R I &
] [ a ha b & A b b s s s s s s s s s a s s s s aahaaa s dhaa s aa s ad s s s haa s a s dh s s haaaad s
r - - .r.-.r .'.r.r .r.r.' ] .'.r.r .r.r.' .r.-.r .'.r.r .r.r.' .r.-.r .'.r.r e & & & & & & & & & & & b & & b S s s s s s h s s E s s h SN -
e Pl e i Attt -
r - F ] b & & & & & & & & & & & & & &
' ' l.r 'l.r.r.r.r.r.r.r.r.r.r.rl.rl.r l.rl.rl.r.r.r.r.r.r.rl.r & &
T
F 1 F 1 F 1 F 1 F 1 F 1 F 1 F 1 F 1 F @1 F @1 F°F 1 F°F 1 F 1 rF b-..bblblblblblblblblblblblb‘ a & & b & & o & &2 b & ks h &
r F F F F F F F°F F F F F F F F F F F F F F F F F FP FP FPrF r B & & & & & b & & b & E s s kS s ES a N b & & & & & & & & & & & & s 4 J
T F 1 F 1 F 1 F 1 F 1 F I F 1 F 1 F I F 1 F 1 F @1 F 1 F 1 F I T A R R R R R R R R R R R R R I DI I D D D R R R R R R R R R R R R R N RN N DI NI DI R R R R R R R R R R R R R R R R R R ]
r F F F F F F F°F F F F F F F F F F F F F F F F F FP FP FPrF L] s & & & & & & & & & & & b & & b b s s s s s s s s s s s s s s s s s b s s s s s s s s s s s s s s s s s s s s s
e T F 1 F 1 F 1 F 1 F 1 F 1 F @1 F @1 F @1 F @ F 1 F°F 1 F°F @ F°F @1 °F @1 F°F @ F°F @ ° @ F°F @ F°F 1@ F°F 313 °F @ F°F @ °F @1 F°F @& F°F @ ° @ F°F @ F 315 F° 315 F°F @ F°F @1 °F @5 ° @8 °F3@r s b & & &2 o & & 2 b a2 b &a bk a h a s a s a b a h a h ah a b a b a bk a s a s a s a sk a sk a sk ad ad a bk a s s s s bk oadk
F " F F F F F F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FF F FFF FFFFF FFF LB T D DA N T R R T R T R N T R N T N N TN R R T R N TR N RN T N R T N N T N N T T R T N N T R R T N T T N T T T R N R R R ]
. F 1 F 1 F 1 F 1 F Q1 F 1 F 1 F 1 F 1 F 1 F F F 1 F 1 F 1@ F 1 F°F 1 F°F 1@ F°F @1 F°F 31 F°F @1 F @1 F°F 1 F°F @ F°F @1 F°F F F 1® F 1 F 1 F ® F 1 F 1 F 1 F 1 F 1 F 1 F I F 1 F 1 F 1L F 1 F Q1L F 1L F 1 TFCTF & & & b 8 a8 8 a h s & bk s a s s a s s s ks s s s s s s s s s a s s a bk aa s s aa s s s b a s s s s sk kb a s a
F 44 NN N YN
T T L L U . . N
“ I T - T e & TN - - XN N » A NN * LA - L e e e e e e T T N N
. et s P e e T ey - e iy e e e i Pl . L A A AP o e o et
Wk - R i e e i * PR e e e P > L A e PN N N N
-.. ol ™ ar e dr ke A [ e - i A dF U e dr i ur e dp de dr e i a e dr e e ' o e e ™l Tl T o R a = R P S e Sl S o e R e el I S S ™
¥ Py - e o - e e e i ey Pl L I e o I R o e PR At N A
. e ' e e e i e e i ey . R e ey » X e e e i Pl o L A M o IR A e A e
¥ L r ] Co L e T T - o T Ll L N e R Nl e s N A R
. P s e e e e i ey - R ar e e e P ot I U i e e e Tk ar a e T e e Y e e
¥ e - R i e - W o e L ) A o N e R N o s PN A A L I S
. P el aral ety B T T Ty - e e - e T e s T Pl Al Mgt N o . o N B ol
¥ Ay - R e ur e e i - ] e i ety wr i T I el i Ak i e P L e N Nl
. T Pl P " i R ey i e A P A M TN A o P N
¥ By ey - W N g . e T - O W el A s L L R N o R N a et s N A N N S A |
. A e T ' e e e e e e i e - R e e e e i i o ol o T e el P R v g §
".-.. ) “_q.._. S e - o e L e * " L At X e LA NN ._-..q N e a3 AL TR NN N N oAl a L N AL N
T r a2 a e P - i i e o i iy Ty e e I e i i i e o o i, 20 e » L
. B T - e b i i i il e - waa » C N » A Pl * o A * W R
¥ P e - T T - e Pl Ll o e et e e LN A L Y
. e e e T o e e i e e e i ey - e Yy ar e e e i e A e R e T e e x e R e
¥ Bk T e - o i e e i * S Tk i ey P L N S NN N N M PR A R .
. i dr e e ) ar e dr e e A [ e o - wip dr O e de [ S ar e dr e e ' o e o A o el Sty o A o ol S o el e e i e el e S ™
¥ W - P ar e e e - ] e i P P N e B i i A P e N A =
¥ e - S Mo T - . el ity S Pl T e T e e e st T
. A e T ' e e e e - B o e e e e i e e kTR Pl Al T e x F el Py g
¥ SN - u N - ] P L ) WA Lol P LA At Y
. e T - Pl ety - e e Ty a e T T e T T Pl e et Al AN LR A A o x N B
¥ T T e - R e T - T e e i ey P P P P P L A N Tl T ]
. e R Tk ' Pl " e R w P A kW P WAL R x P L R N
¥ N - o AL o P Lol o i Pl P o
. e ™ - b O e dp - wdp de g d O e g dr o de dp e de e e g b droa o de A ' oA b dr dr & P X i i
N - Lo e - ik R e S ke P P Pl P e
Py w Tt St - s T * S o N Pl Pl MO N N e e e ", . -
e L Nl » - ARl al po XN » LN » A W U N e s "
¥ Tt - My o o i T [l St e T e ¥ -
¥ Pofialty - T e, it eyl ety atuiat iy T e x "_ am
¥ Pay - . S i . T e e e e e N P B I N A o
. P P e wr e e e A A A T I ey Sy o L R o " -
¥ e - O Aty o e L ) P N N LN A N -
. Pl Pl aral Al o " e T e T W R A o a s Pl N Rt W
¥ x - R e P e iy P T T T T e O L e A N v
3 - [ T i i w i A O e A i i oA Ak [P Sl S e el tali o i Y T e e S g S e e R e R T e i Tl S i
¥ » r o N W o Pl L ) T a aT a N A N N s |
. ur . s e e e e R N » e e e Pl ot P P o R el
. A el R SN L AN N A e e N N ot e e e
iy » P A . e e IR e A s e e T T P R T N T e
Tl Pl X P ] N N N » C N WA i e alala Tt CN I A R e
¥ » Pl e N i N o o A ) Ll o e I ] N A A At |
. . B o dr e de dr o1 F Jp o de dr e e dp P " ™ [P el B oa oaae i o T SR S Al i i i)
¥ ¥ PN P N N A NN R A A N ] .
. v [ St O e - dr o de de e dp de o dp R e g g m e b i a2 s X a o o g A SRl Sl Tl Tt a -
¥ * P R e N P 2 a e e i T ey i "
. [ ] i F [ dr e bk ir ¥ i o wip b F ok F iy [ ] e iy oa i ] b a2 & i i Jr e g o k b h F ir i b i L] ...
¥ » Lt e ot NN W o Lt 2 a Ty N A N R A A e Ry o
. . dr dr o dr * roa - dp o de dr de dp e dp o1 owd b R e M dp - Jrdra de el g = 2w a o e T ol T gl U ST A Py R
¥ ¥ P u R e SN ik ke N P L N N Y -
. m Lol al " Pl ar el N o s e T T e N R
¥ * Pl P o R W Pl PR el P A N N -
¥ " i Ml agft, i T e e 4 w B P iy M N '
. w Pt o T e e e g e Pl . i A Y
LRy W O S P oy i Mt i wx P ol L B AL
r F F F F F F r - - L] L] [ N ) - [
LI T T I A | r F F F r F F F 1‘.—. "1 Tl.'l-f FF T T T I | .'.r .'.'”.r‘.r”.' b”.'”b”bbb”b‘b‘b.'b”bl.ﬁl-b .r‘.' .r.-l
L L. et - Attt ar
S i ' P - A gmlagy
’-”- J‘ L] [ ] p > [ d F ] >
I!..I....l_....- ' .__ -_illll.1. -_-..._hl.L”.q.-. - - P .-_'.__ L LT, Ji.r .rh“ I&Iil‘
F ko rooor F R R RN R R R N N DN N DN BT R R RN RN AN BN NN DN DN B R N |
b & & & b.rb b.rb b.rb b.rb b.rb b.rb b.rb b.rb b.rb b.rb b.rb b.rb.'
T e e i .
r .r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.rb.rb.r.r.r.r.r.r.-..r.-.
. i Attt
r 4 & & & & & & & & & & & b b & b & & b & E s s A S S kA s A S oS
r oo .r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.-.l
el
' r o .'.'1 rrr r F —..'.'.r.'l.'..'l.'l.'..'.r.'.r.'.'.'.r.'l.rl.'l.'l.r..'.r.'.r.'.'.'.r.'l.'..'l”‘.
111-11 " ‘ L] -..r.r.'.a.' .r.r..r.r.'l.r.'.rl.'.r.r..r.r.'l.r.'.rl.'.r.r..r.r.'l.r.'.rl .
el . .
e . -..M-hl atat h_J_..._.h_J_..._.b-u..._.b-u..._.b-u..._.b-u.“n
et .
roaor - b . - b & & & & &2 & a2 &k a2 b & b a &k &
rrr F ] , A [ I I I .r.r.'.r.r.'.rb.rb.'b.r.r.'.r.r.'.rb.r.-.
e . Attt i g
ror a & & & & & & & & & & & b & b b2 & b s & & oEoS i.- b & & & & & & & & & & & b & & & oS
b 2 h 2 b b a2k a b ah a bk a sk sl ahk s m b 2 h a b a2 h ah ab sk sk a .
a & & & & & & & & & & & & & & s & &S A S S S - 4 & & & & & & & & & & & & & L |
' b & 2 2 a = a b & b & & &2 a2 & a2 a2 a h a2 a a - & & &2 & & & & & & - = & & &b & a
. [ I N R R R N R R R R R R R R N R R R R R R N R R ] A & b b & & b &b s s b s s s So]
Il 4 & & a b a b a s a b a b a s adadayyg - a & &a & & & & b a & & b & bk a2k o2
..‘ b & & & & & & & & & b & b b & b2 b & oA S & .r.'.r.r.'.r.r.'.r.r.'.r.r.'.r.r-.l
ata . At
4 b & & & b A A A s E s s kA s A SN - h & & & & & b & & bk s s s s s
rF b &2 & & b & bk a bk a s a b a bk a h a - b & b &2 & 2 & a2 h a2 b & b a2 & & -
E | b & & & & & & & & & &k &k sk &k &S F ] b & & & & & b & & b & & b & kS oS
* b2 & 2 & & b & & 2 &2 a2 a h & b & a2 a = - & & & b &2 &2 & a & & b & b &2 a & .
. b & & & & & & & & & & & b & & & oA - 4 & & & & & & & & b & & s sk SoJ
r kA & 2 & 2 b 2 b 2k 2k 2k 2k a ko a a & 2 & 2 b m h 2k 2k 2k a2k a2
b & & & b A A A s E s s kA s A SN - b & & & & & & & & & & & b & koS
r
F 4 &4 &4 &4 &4 & & & & & & & & & & & & & & &4 &4 &4 & & & & & & & & & & & & & b
.-L. A b.r .rb.r .rb.r .rb.r .rb.r .rb.r E Y » " .rb.r .rb.r .rb.r .rb.r .rb.r .rb.r .rb.r .rb.r .-‘.
B i e P Attt e e e P
..‘. I ) b & b b & - 1 ko b & .r.r.'.r.-.r.r.'.r.r.r.'.r.r .r.r.r.r.'
B et B ata - At At .
r b & & & 4 & & 1 & 4 & & & & & b & & b & s s h oSS
r - b &2 & & b & bk a2 h a b = - . m b & b & & & & a2 h a2 b a b a h am
[ ] h & b & & & & & kA & bk & & 1 & & [] F I R R R R R RN R I D I I R RN R RN R |
- a . 2 a2 a2 2 2 aaaaaa . a = F 2 2 2 =2 2 2 =2 2 2 2 2 2 =2 2 2 = ="
E | b & & & & & & & & b &S [ b & & & & & & & & & & & b & & s A oJ
F b h a b 2 & 2 b =2k 2k 2 k& F I | a & 2 & 2 b m h 2k 2k na h a2k a2
4 b &N a & & & & & & & & & & & [ T T R ) h & & & & & b & & b & s s h s LoK
rF - & & & . & & & & & & & & & & a M - . . . & &4 & &4 & & &4 & & &4 & & & & & & &
E | h & b & & & & & b & b s & & 1 A & & & F RN R R RN N I D DN DR DN DR RN RN RN I N B |
- a & &2 &2 2 & a2 & a2 b & bk a2 &k a b =& - & &2 & &2 2 2 & a2 & a2 b & bk a2 bk a2 s &k & h & a
. - I ) b & & & & & & & & & b & & b & & & & & & & & & & & & & & s S oJ
] A b 2 2 2 &2 & a b & b &2 2 2 & a2 a a & & b & b 5 &2 2 2 &2 a2k bk ks a2 a
' rrrrrrr [ ] 4 & & & & & & & & & & & b & S S A 4 & & & & & & & & & & & & & & & F |
LI R T R R T - b & & &2 & &2 & a2 b a2 bk & b a k a k ¥ s b & & 2 & 2 & a2 b a2 b &a b a bk a2 h &k a h F
rr rrFrrrr - P T T " T T " R T R T R R T R R N R [ T TR " T T " T T R T T R N TR T ]
AL e i At
o & F ]
E | rrr rrrr L] b & & & & & & & & & & & b & b & & - b & & & & & & & & & b ks oA
F FroF 1L F 1 F F RN DA N R R R R R R R R RN I I I I | a & 2 h 2 h 2k 2k a2k sk a
» rrr rrrr r & & & & & & & & & b & s s E s oS & 4 & & & & & & & b & s s E LS OH
' LI T T R TR | Jpd &2 2 & & &2 & & &2 = - & & & =& & - & & & & & & &2 & = F I I I
- rrFrFrFFFrPFrFrF r b & & & & & b & & b & & b & S oS - b & & & & & & b & & & 4 & 3
LI R T R R T b b &2 b & & & &k & & b & b & &b a b & b & b & & & & = F I B
-‘- rrr rrrr b & & & & & & b & b & & b b b & b & b b & b & b b & & & 4
F [T I T I T B | A & & & 4 & &2 & &2 a2k F ¥ irraaa A & & & A & & & A & & 4
4 rrr rrrr b & & & & & & & & & b & b b & b2 b & oA S & b b b b oA b b b b oA F I I
rF LI R T R R T - b & & b =2 & &2 b &2 b & b a h a b a y . b & b a b & b a - .
E | rrFrFrFFFrPFrFrF b & & b & & b & & b & ks s &k S SRS F ] b & k& & b & & & & I ]
] [T I T Y T | r b.rb.rb.rl.rI.II.rl.rI.rl.rb.rb.rb.rl.rI.rl.rl.rl.rl.rl.rb.rb.rl.rl.rl.rl & b &2 &8 & & & & b.rb.rb.rl.rl.rI.rl.rl.rb.rb.rb.rb.rl.rl.rl o
. L . -
rl rFroFr 1 F 1 '.r.rl.rl.rl.rl.rl.rl.rl.rl.rl.rl.rl.r - l.rl.rl.rl.rl.rl.rl.rl.rl.rl.rl.rl.-.l
F | rrrrrrr [ ] 4 & & & & & & & & & & & b & S5 S A S S A S S A SN - 1 & & & & & & & & & b & s s oA s os A s s s S a ]
rF LI T T R TR | & & & & & & &2 & & =2 & 2 & & & & & & & & & & & & L] s & & &4 & & &4 & & & & & & & & & & & & & & & &
E | rrFrFrFFFrPFrFrF [ ] F I I R T T R T TR R T T R T T R T N R R I R I I B B I R I [ N B R RN R RN B R RN BN R R DN R R BN RN RN RN RN R I |
o LI R T R R T m b & & &2 & &2 & &2 b &a bk &2 s a h a b ad a b sk a sk a sk oa - & & & &2 & & & a2 &k a2 b & bk a2 bk a2 s &k a2 h o= .
E | rrr rrrr = F & & & & & & & & & & & & & & b b kS s ks Sk kS S ks AN + & & & & & & & & & & & & b & b b b b s oA oS
s Ve e e Fa s s s s s s s s m s s s E A s a s maaa a2 a s a s s a s s s s s aEa A
Ll rrr rrrr r' s & & & & & & & & b & s b s s s h s s hs s s h s s h s S F F OF a & & & & & & & & b s & ks S s kS SsSsS S so]
F 1 oF 1 F @ F 1 F 1 F @ F @1 F @1 F°F @ F°F 3 F°3rF LI R T R R T b & &2 & 2 & 2 & a2 h a2 b & bk a h a s a s a b a s a h ah a2 a s s s s a s a s a s a sk ah ah ad ad a bk a s s s s bk oadk
4 F F F F F F FFFFFFFPFFFPFPFPFPFPFCFT rrFrFrFFFrPFrFrF [ ] F I I B BN R R R R R R R I R R I I I I B I e I I DR DR R R R R R RN R R R R R R R R R R R R R R R R R B R R R R R R R R R |
-# r o r o o o r o o o r o o r o r o ' o r o r o .'.rl - ..'l.'l.'. - l.r..'l - ..rl.'l.'. - l.r..'l - ..rl.'l.'. l.'l.r. - l.'..rl.'l.'. l.'lb. - l.r..rl lb..rl.'l - . l.r..'l.'l ..rl.'l - l.'l.r..'l..l
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aa aa aa aa aa N aa N aa N aa"a N aa
&+ 1 F 1 F @ F 1 F 1 F @ F 1 F 1 F @1 F 1 F 1 F 1 F 1 F @1 °F @1 F 1 °F @1 °F @5 F°F 1 °F @ °F @ F°F 1 ° @1 ®" 1 °F 1 ° @1 ° @1 ° 1 ° @1 °F @1 ° 1 °F 1 F. T F 1 F 1 F I F 1 F @I F I F 1 F @I F @I F 1 F @1 F @1 F°F 1 F°F @1 F @1 ° 1 °F @1 F°F @1 ®° F ] o | ] [ ] r [] [] F [ ] - F ] [ ] [] []
i . el e e e bl A b gk b Bk b bbbk bRk AR bR b Rk T e N N K Rty

- .11111._.1111.11_1_. i ,

*

_.1111.1.111111111.1111111111.1.w1 L LI K e e e e enome

-".;

5 S

o

~

i



US 8,811,577 B2

Sheet 4 of 8

Aug. 19, 2014

U.S. Patent

A, - . e ek e . i e
__...!-.l..l _ 1Itll: ....

-

' -

. - Ii.lIl.l . gl . . . .l-

LA Ty o o . i a® gLt .

P . PABOHIHORE o :

. ...’I'u'L ” - —..}.T ] IIJ...‘....__ " Ill..'l m
- -

- e " .....-.., ..n..\ el W e

|____|____|____|_._|____|____|____|_..|____|____|____|____|_._|____|____|____l..tlﬂ“ml____|____|_._|___.|____|____|____|_._|____|____|____|_._|___.|____|____|____|_._|_._|___.|____|_._|_..|____|____|____|_._|_._|___.|____|_._|r|||._|r|||._|||||._|r|||._|||||._|||||._|r|||._|||||._ |._|..|_._|._|..|||._|.__|||._|..|_._|._|..|||._|||||n-.._. |____|____|_._|_._.._ﬂir_._|_..|____|____|_..|____|_._|___.|____|____|_..|_._|____|_..|____|_._|___.|____|____|____|____|____|___.|____L_..._.___.|____Hur\\ur\\ur\\ur\\ur\\ur\\ur\\ur\ |____|____|_..|____|____|___.|____|_._|___.|____|____|_..|____|_._|___.|____|_._|_..|____|____|_..|____|_._|___.|____|_._ur|____|____|_..|____|_._|___.“\.\|____|____|_..|____|_._|___.|____|____|_..utn&-..|____|_._|___.|____|____|_..|____|____|___.|____|_._|___.|____|____|_..|____|_._|___.|____|_._|___.|____|____|_..|____|_._|___.M|_..|____|____|_..|____|_._|___.|____|_._|_..|____|____|_..|____|_._|___.|____|____|_..|____|____|_..|____|_._|___.|____|____|_..|____|____|___.|____|_._|___.|____|____|_..|||._|||||._|||||._|||||._|||||._|||||._|||||._|||||._|| T T T LTS ,

S et AR maw raws wals Safel ST Cetes e

.ll.

wt L .-rr . '
. . n. 3 *u
1.!‘. ot ..'-. N ’ i..-... h‘iﬁ _-m. A w—.
_ W . |.-..l.._.i ] II-l. y .ﬂ .".
l._-/5 ] lI-t' ’ ) - .Lllb.‘ “-I. "“ H-.
o P -mn m. ', + .",
> * .n_-.. - 1, =) ¥
* . - ' ___. ¥
”_1...!”i”!nl...!”i..!..ih.-l”1...!”1”!”!...!”1”1”1”1”1...!”1”1”!”l”i...!”l.”!”i”!”_1...!”1...!”1”!”_1...!”1”1”1”1”1...!”1”1”1...!”i...!nl....!”i...!”_1...!”1...!”1”!”1...!”1”!”!”!”1...!”1”1”1...1”. niul”i...!”i...!”1”!”1”l”_!...!”u—..‘..i”l”i...!”1”1”1”!”_1...!”1”1”1...!”_1...!”1...1”1...!wlh!”1”1”1”!”1...!”1”1”1...!”1... ' ".-_ 1_._.-. su1- ) ”l”i...!”1”1”1”!”_1...!”1”1”1...!”1...!”1”1”1...!” ”1”1”1”l”_!...!”1”1”1”l”i...!”1”1”1”!”_1...!”1”1”1...!”i...+”l”i...!”_1”!”_1”1”_1...!”_1”!”_1”1”_1...!”1”!”1”1”1...!”1...!”1”1”!”l”_!...!”1”1”1...l”i...!”1”1”1...!”_1...!”1”1”1...!”_1...!”1”1”1...!”1...!”1”1”1...!”1...!”1”1”1... ..!.,._1..1.,._1..!”_1..!”1..!”!..l”_!...!”. -
. L i ' ¥
¥ S £ .. [3 - .
.r ; " , -
} o ; o 1) M . ]
F 4 % ) £ : : g X
i ) : 2 v -
F ...ii i_w b 1" a w “"
““. .q-_-__... qLl__.I__i.__i.__JJJJJJJJJJJJJJJJJJJJJJJJ ey ey e e e e i.__i.__.l__i.__i.__.l__i.__i.__.l__t_ﬂ. . ”- . “
! - * x o ¥ " : 4
- + " W aleelets .E#rr... Satlelets’ ety Cwtalelets Fodetetets o K . w . . o -
s - . s .. . r __"-.__ q". Ok ”! ] S ] - L o S . s m . . -
,". ...y £ r SRR YRR+ I 3 . 7 5 PR A Y L 2EY MY ILIYY Y : ;
”"“ ._.I ‘.-.__... ..A.I_. ' ...le. 1 w .__“.I_” ...'. ..IM ”"” “ l.u.h. .# J M Jh “r o M.. ”" - ”-\f HI... i -. ) ..ﬁ.l_. : ”- .-..v_._-l - ! .f...ll. ..__? .. - : -.ﬁ ..l.”.-_ “ .W “"
w = .;..,.. : L 15.2 S N + X TE P : O S S . s p ok :
L ¥ ] o ._.. . “_.n. ) N .- i -
. LA L Ly ¥ - - % -_" % “
w b , L} .“ ﬂ " . N -
.-.- " L3 M .I” ”Iu . M-- w __.I”. v “
- M " e ¥ > . -
| ] ¥ V l" ; -ll- “-- “". l"u M “"
; ' oop i .ﬁﬁ _ﬁ g? _. |
) e S <2 N .._r I - w : - x h__. i
. . ey Y E - s x -
- | N} | 3 [] [ .l-
by : T ¥ g 3 : :
. .ﬁ. 4 3 __.Iu .l- __.Iu EI..- .I..- .I..- .I..- .I..- .I..- .I..- .I..- .I..- .I..- .I..- .I..- .I..- .I..- .I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..-.I..- ' h. .l-
’ _ Bt M 3 w : : :
N . W ! - -
.- - & L -
.ﬁ ¥ W v __.". i » . b
“'. Ll l.l ) L - .'.1 |.”. .i-
.-tl_ l". I.-l1 ”..“ l"u nl-.. .............. w_.__ .. m H"“ .!_.1 . . . l"u “
- . s 1... ”Iu a w.w s M @ N . - l?l- 2 et ] L, R
% : b il 3 ¢ 3 e .MW M . ¥ H & M .-Kw g ......._. . e . - 2 »
3 : A N o ¥ R X T ¥ i .ﬁ . PR oo SR, 1T . :
1&. ' N -.1 i l.“ ”"“ ”"” ‘.—... ‘r‘iﬁ - 1..1..—.-.1..—...11 .—...—...I-.—...‘..—.l ¥ -.% .. .. ‘.1..—...1-.—...1. 1.'.—...1..—.-.1..—.-. |—.M_.I m H"“ .- IL R 1 .'H v 1 . l‘ “"
# - - o '.l iy Tl l..Il-_ s -__.I.IEI.. K é . Ty ”"“ ”"u .“ m H"“ - . -_.llll.lh _-.. "H l" “
g | L W oo o - B - - - “a M . ! " -
L _-.__ ] s, _ﬁd M-m ”m q" e ..-l.nﬂ-_r___.l___.l___.u_—. lt!...l..“".””.___. i el e e " Sty ¥ .__...i-_” m Hlu -ﬂ% m-w M!TMVMM e ' .+|._ . “
............................... . . . i LA ”.” R I"l .1".l .I-
5 . . 3 X w ,... r H M %
., el M. . PP - %, g e, ..........%............................ 5
o L) ‘ A
: L5 i & % IO $e) }m A B ]
W TR LN AN b A x Mm. .._..m s vy A Py 3 ! -y
.-__.. - w ) w ___ ..r . hﬁ - .+ . ”I. ’# - -ﬁ MI __.". “.. __.I LJ M .ﬁ... “"
w Al . .I-_1Il_. Ll . il 1”.! oo L + 3 K _ﬁ. 1"”M _ﬂ w - !_- ._-_ *.._. 1 \ﬁl "n % “"” .“- s . “"
! ' L L} A L) , > ¥ -
I q". - - - -8 8 e - .._l.l_..l.l_.l_.u —_— m i L] “..-. “--
- | ]
" T B : ¥ X : x
"" -“. ”..‘ ' " . l" | #ﬁ o .I.-.é- - N "l.lﬁ.l - é L] U.1 1 # " -. - ' m ..-.'-..-..I.'-..-..-..-..-..I.'-..-..-.'-..-‘I‘.‘i‘.‘i‘.‘I‘.‘i‘.‘i‘. I.'-..-..-.'-..- ..-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘ ..-..I.'-..-..-..-..-..I.'-..-..-.'-..-..I.'-..-..-.'-..-..I.'-..-..-..-..-..I.'-'-‘-'-‘-‘-‘-‘-‘-‘-‘-‘-‘- l -‘-‘-‘-‘-‘-‘- “"
’ bt ot e Rl A N . X LN bl T e M..un wys i g4 0 " o
"__.__. ey . m 7 fﬂn. .w ww w. m . A M i .J J ™ W W L - ..ur >, ¥ . t. . !ﬁ_ s s s .-...l..l_% . ..-_ * )
",, F Mw .-” Wb NS el A7 LT ) | * v M 5 mm. ....w ..h”.m”.ﬁ w.m w\w Mw!mm . _m LY .M,vM.mmwr.n .w .WMW?M ;
. ' . - - 1 2 e ..I.n b 1 ) . ! ) - 1 el
“ . ¥ -l_..L._l.._L..L._l.._L..L._l.._L..L._l.._l..L._l.._L..L._l.._L..L._l.._L..L._l.._L..L._l.._l..L._l.._L..L._l.._L-Hltl-ﬂltl-ﬂltl-ﬂltl-ﬂltl-ﬂlnl-ﬂltl-ﬂllm.. o - “ * : ' L.-_...__. . m T 2 .y i_...r -+ ’ 3 " . m
¥ R ’ .
: -
e .u . .
¥ u. :
.i.._-..._i.._-..._i.._-..._t._-..._i.._ o E e e .._-..._i.._-....!.._-..._t._-..._i.._-....i.._-..._t._-..._i...-..._i.._-..._i.._-..._i...h._!.._-.. e E R R E R e e e .._-..._i.._-..._i.._-....-n._-..._i.._-..._i.._-..._i.._-..._i.._#.._i...-..._i.._-..._i.._h._i...-..._i.._-.. hete! b
"
-
. -
: w |
. s w = 2 2 ) .
--.. 1 ] ., " .i-
“ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂt@.ff-ﬂif-ﬂi.ﬂﬂﬂ o ey e e O g e m % W “
’ . I .-“-“-“-“-“-“-“-“-“- -“-“-“-“-“-“-“-“-“-“-“-“-.. LU R R e R R R “..
., .# : ! -
/ PRGN FOHIIN | .....M_ﬁu ¥ il : :
; . B ‘ 7
e 3 : .
i__. 1 °. .-11 L - " a - . a .i-
* . . .
WAL TR |
“ .I___. .-.u-.___ T Wi e} . ' . %
R N N N N N N N T T YN e Yy 4 R N N N N NN e e i 0 i e i i i i i i i e i i i e i i e i i e i i e i i e i i e i aaaaaty .I..i..l..l...i..l..l...i..l..l...i..l..l..l“

MO PIRE (L



US 8,811,577 B2

Sheet 5 of 8

Aug. 19, 2014

U.S. Patent

g
et

& “ v :
. d ¥ b wr
n-w ] e

VI AT
ﬁ%ﬁ Sihis]

"

"

"

"

"

'l L]

"“ M e e e e e g
" A
"

"

"

"

"

JJJJJJJJJJJJJJJJJJJJJJJJJ

ww AL
(it { vxﬁﬁw SUHIE

"!-'1-"1-"""""""""""" .
-

2

.__.._..... -

YENAL 9
53 AR S3A1ALA

.
g |
m,m Wummw@u £
w
|

[ RN w .m.

._.._...__....__...._._*..__. e e “w'n .._...__....__...__...__....__ “w'nn

-

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥

: “*qﬁi!hgﬁuuuq
% )
o
o

ﬁ-.....................
_m o LW |

" a " a " a" n "  a " a " u " e n " n " n """ n " n "

H Mwmmwﬁﬁw -y
FHALIN

%
*,
.}

RRRRARRARRARRAR

L]
L]
L]
L]
L]
| ]
L]
L]
L]
L]
L]
| ]
L]
L]
L]
L]

-..,_E_
"
N,
L]
L ]
"

%
-‘.-..-t-)‘pt
it L
g
Aol

1 Wﬁﬁﬁ IAIRG

Mﬂﬁmﬁ. uﬁﬁmﬁmm .ﬂﬂ,. w

1111111111111111111111111111111111111111111111111

o Fumsanoad

Mﬁmﬁmm Weli/od

ﬁﬁ,ﬁmﬁ m%w....ﬁm
e AR ..,Z

NNV CRURRUVRURUY

JJJJJJJJJJ



US 8,811,577 B2

Sheet 6 of 8

Aug. 19, 2014

U.S. Patent

HIVHING

A

O O O0)

ib--........,

.. . - ) - . . . .l_.l'lr..-. l”.-_lll..
2% uﬁmjm.ﬂ HJWMMW Lt e
» r ....“- ln.- ' 1.]1. 1....“- ) .l.t. , ..J-.-.I. 1.1-_ - % ] ol -_.”_.Ill..l a
B " - ‘ol - b 1
: oy . . ; o %ﬁ "
Va ..tJ..... D u.m_.

0 .,._.,._.,._.,._.,+............r................................m..:.:. oo o e o e

HY OHR

3
:
%
=
=
.m”

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

mﬁw Hmﬁm

F F

e e e e e

-y

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

LAY RS Wi
RIRG T R R

.l..l...-1.l.l...-....l..l...-1.l.l..l-.l..l-..-1.l.ﬂ.l-ﬂ.l.ﬂ.!.ﬂ.l-ﬂ.l.ﬂ.l.ﬂl.lm t..-w.l.l..l-.l..l...-1.l.ﬂ.l-ﬂ.l.ﬂ.l.ﬂ.l-ﬂ.l.ﬂ.l.ﬂ.l-lm

-

1.& ] [ ‘

e
it A vElm
*u,.
W

?-t e,

! an xﬁy ey ?.3_..
Lo e %ﬁu
i o8 RUDX S

..x

_ M.\....u.-.... ?..-..._..-...1. e, A ..-...,.....h LU

_fw ﬁﬁﬂmw
i oFueiline g1

TR, RN, BSENERR, SEEERR SRRRERR R

ERLEE: Bauy £

e
A e e e o e

e ey
-'I-'I-'I-'I-'I-‘ 'I-'I-'I-'I-'I-'I--

| R )
'I-'I-'I-'I-'I---

A R,

k

F

; 005

F

-

-.
—_-.—_'.—_-.—_..—_'.—_-.—_-.—_'.—_-.—_..—_'.—...—...—.'.-...—...—.'.—...—...r‘..—...—.‘.—. AL AL A A A A A A A A A A A A A A A A A

YW HDNE
(g} oLy

.l-.l..l...-1.l.ﬂ.l-ﬂ.l.ﬂ.l.ﬂ.l-ﬂ.l.ﬂ.l.ﬂ.ﬂlm m .l-.l..l...-1.l.l..l-.l..l...-1.l.l..l-.l..l...-1.l.l..l-.l.!.ﬂi.ﬂh-ﬂ!.ﬂi.ﬂ.l-ﬂ.l.ﬂ.l.lm

3
:
:

AN RN

T T L
A el

papuy

mwﬁ mﬁﬁf 1
$9ELES ﬁm

T wteh

< ﬁ ﬁwmw
PREEY

o "
...i? e L : |
m& i A BEY F

;

.........................................

& ...u._f.
L ..
M ;
l'. -
+ 3
w !
Ly o
.MW M M
-t >,
:
‘"
x
;
= .I.-.th_I.-.IhI“-“I“I“-“I“I“-“I“I“-“I“I“-“I“I“-“I“I“ - W

E;
&

o

L

S ——————. S
R “
I PIBOG SMIAIaY
P paeag
.
mﬁ %m G uﬁmm
wm m j I 2 |

w; B3
AAMRERE

v }l-ﬂl,_ﬂ

L-_vlrt._th

n
MO BIBD 41

MO} P WELLOA

0, 0, 0,0, 0,0 0, 0, 0, 0 0, 0,0 0,0, 0,0, 00,0 0, 0,0, 0,00, 00, 0,0, 0, 0, 0 0, 0 0, 0,0, 0, 0, 0, 0, 0, 00,0 0, 00, 0, 0, 0, 0, 0, 0 0, 00, 0, O, 00, 0, 0, 0, 08, O, O,



US 8,811,577 B2

Sheet 7 of 8

Aug. 19, 2014

U.S. Patent

6 iMd

. a'm e .I.”.I....I.... A T e T o s . . . I._.-I_r

3
+
%
}
"
'
'1
L
p
s
e
whoet E‘
e
S
Mahlaly'
Y
%
%
3
{.
3
.
]
'I
iy

]

.
* i

ol S " B " e
__________________________________ . . s . e . .
< 3 _ & * %
" w l.". Foa 3 e N J"“ Nl I-"
I ¥ s & b iy ‘:
_ .m. 2 = 3 . “
“il-l. l"ﬂ ¥ . - “% 4 lw.- ”. ".._ l-.
At ettt al ettt st a el ettt l___.l___.1___.1___.l___.|___.1_._-.___.-.__.lrlrurlrlrurlrlrurlrlrurlrlrurlrlrﬁ:rlrurlrlrurlr- : ._u-_ M.. -.- Mﬁ%ﬁ%ﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁ%ﬁ 1___.l___.u___.1___.-.__-V.._..___.l___.|___.1___.l___.1___.1___.l___.u___.1___.l___.|___.1___.l___.1___.1___.l___.|___.1___.l___.u___.l___.l___.u___.1___.l___.|___.1___.l___.1___.1___.l___.|___.1___.l___.u___.l___.l___.u___.1___.l___.|___.1___.l___.1___.1___.l___.1___.1___.l___.u___.1___.l___.-ﬂtl___.|___.1___.l___.1___.1___.l___.Hﬁlrurlrlrurlrlrurlrlrurlrlrurlrlrurlrlrurlrlr 3
. F .l._. . - .t- 4 h t.._ 1-
.l._. . v . " 'y ] t.__ Ny
d : T W m\ ¥ 4 2% & 3 Lk ; 3
. . % % ! e . + . x "“ * ___1... b . 1“
" .'._. . .-"- .l.". ] l.- . ¥
e e At i b - Ol - U e e e a0 *
L L3 _ L2 By - & "1 '
[} I o - W L ! "
m -m. M. , s . s T -~ SN M .". ' *
. » . o . s i} .
A mw S0 © : : E ¥ w«f e mm‘_ﬂ : :
ﬂ.-_._ W r "” .-l..-.r - .". ; LNk ”" . 1"
. ..__ lﬁ , .w l” ] + vale'e's'st ._-...I..i..a.ﬂ...l..t. .i....l...i...i....“. .". . -. o ”-_ t-l-\ 1“
EDIBGNT 1108 2 . 21 #m B} : :
v L O S K% X VRS ] 3 ..m ...__. : = , + o :
. % M ,q. AL 8 ¥ ..n ._. b ¢ 3 * H
e 3 SR . £ X ” *
.-_n..l.-..- ) R w"._. ".. . -I. ] k™ 1-_
I__ll...-. - _r L ] . -I- . A . .i.____ '
: ,,EE el : -
-_n..l I3 " ] " - lr._.
e, i : el ,,.. Aol . " ”.“ } * e 3
; ;i . R
* S H . L) ¥ x AT *
¢ % m .M.» H ¥ * = A *
& X mmw mw mwm 24 ,.m § ”"“ For F 3
H : el x * = vt e e e e e e e e e e e 4
- i s A y! 4
¥ » L . R N B UNE N * *
I X - s e, + *
R § 0 5 . 2 +
.l._. - - aTy A X l'. -_
”l” M.' - -". ity a ll“ 1“
" R G S R »; + +
I » -+ *
. . " % *
”l” R L ¥ e . .". - "
[ - - D | md .,
: HLELEIL uﬁ LS : : :
- . . " - r “
¥ : 5 4
.l+ ) ..1 . -" ) ¥ ¥ ) “m - . " 1 ! "
3 M ‘ x & , ) o M” Mw..m m..._.. m.w.m’.w Lk 2 w Mjw e f ¢
."” - -...l...l...l...l..'l. .Il...l...-...l...l..'.—. ll...l..'-...l...l..' -...l...l..'-...l...l..‘ ﬁ “"“ ' L] . 1..{.[ L ‘ .. H —_ -_ ' .1“
i v "y A Ty s . i
. * b 2 e *
q-?w.ﬂ-wm n.ﬁ ..M _r-w o L ! "y g "
0 S S L P S o 2 . s Y e :
E SR - N, o w ., M WIW ﬂ.w %“W ..n u. M.M m.u. M m ...#. )!.m - Getatattatata a et e ..._..1.._....._...._....-....._.........-....._r.... . f-._...__..__.._..u.?ﬂ..ﬁ.__.._...__..__..__..__..__.._...__..__.._...__..__.._...__..__.._...__.ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ " +
' ¥ l” " .— - h - = “.l..l .". - . "
.'._. r. -I- .l- . . - 1-_
[ o we il - ) O - t.q_.._. Y LY ) “*
' -I- .l- - '“l ) | - J&. -
-‘!‘-*!‘-‘!‘-‘!‘-‘!‘-‘!‘-‘!‘-*-..l.-.l.-..l.-.l.-_.l.-.l.-_.l.-.l.-..l.-.l.-_.l.-.l.-_.l.-.l.-..l.-.l.-_.l.-.l.-_.l.-.l.-..l.-.l.-..l.-.l.-_.l.-.l.-..l.-.l.-_.l.-.l.-..l.-.l.-_.l.-.l.-_.l.-.l.-_.l.-.l.-..l.-.l.-_.l.-.l.-_.l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-..l.-.l.-.‘-*!‘-‘!*-‘!‘-*!‘-‘!‘-‘!‘-‘!‘-‘ .,1..'.,-._...,-.. I.,-._I..,t..'.,-.. I..,i..'.,-._I..,-.. I.,-._I..,t..'.,-.. I..,i..'.,-._I..,-.. I.,-._I..,t..'.,-.. I..,i..'.,-._I..,-.. I.,-._I..,t..'.,-.. I..,i..'.,-._I.”. I.,-._I..,t..'.,-.. I..,i..'.,-._I..,-.. I.,-._I..,t..'.,-.. I..,i..'.,-._I..,-.. I.,-._I..,t..'.,-.. 'ﬂ',u...ﬂ'”'ﬂ'”.”'”.ﬂ'”'ﬂ'”. ; “I“ “" |WMN MM 'I.M u -w w M “ U W MIM M l” @. m\ mw 1?.‘ 1m
N T :
BRI <3t DULIN M.w ali¥a]
. - . ’ i)
i IRy POVLIDRIL JIWINGYY | |
“"“ “ "
“I“ 1.- ................................................................................................ 1-
) *
- .1.-_
= : S X e +
2 4 ,.cw .om.m.m m o m.%..w ”" vw .ow w.# ..M .wM .M.M m }w..m,.w M }wm *
% sESLE T % R L% LR = :
Lo n ¥ H e :
”-“ u.. .". : . an e " »
= 7 M M ) swuuw. ...WM..M.&M “ .m#a. e :
B mw& e
- . S . C

57 4
WOYE BIEP ] papusiny

MO BB )



U.S. Patent Aug. 19, 2014 Sheet 8 of 8 US 8,811,577 B2

Nigmal channedy constituted
s ) ¥ + _.,' I*;-'f“': "'..1 SRS grpha Ny n vy
Exchange Y difference sending and

z . o | | NETVICE
b iy PeCeIV g port puirs }* fe‘fﬁ exchane chunng
brsard B PHAR 2

Bvoard

WA R A A e A L L,
¥

zis
e g
oy
o
ﬁ %
e

- Broadband serviess
- {such as the {P
BEEVICE )

};%-fs:a;eﬁsiihzfa r;f:% Serviees

T T T R T T g

trtntnintntnteiptnintntetnte talntntn inte tinte il "'-p"qr"'-p“':

= Marrowhand :
R e services {such as the

o O TDMFC services
' %a,,mmi ‘%dhﬁ“ﬁﬁﬂ’

chiapned

. Marrowhand
services {such as e
 TIVEFC serviee )

o a e e e e ey e e e e e e e e e e e e s e e e ey e ey

By

FIG 16

&

Set at least one exchange board m an ATUA system.

N N =

%.%u. oN -::% sange boand receives 4 broadband data sent from the
rvice board aﬁﬁé wﬂmzm broadband service data
gxchangs ﬁ;m;w}“; the m st exchange chamel

B L R L L g L L L L X Ly Y

,-s*

The exchange board recerves narrowtamd daty sent from
the serviee board and periorms aarrowband service data
gxvhange through the second exchangs clonnel,



US 8,811,577 B2

1

ADVANCED TELECOMMUNICATIONS
COMPUTING ARCHITECTURE DATA
EXCHANGE SYSTEM, EXCHANGE BOARD
AND DATA EXCHANGE METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/CN2011/074934, filed on May 30, 2011,
which 1s hereby incorporated by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The present invention relates to the field of communica-
tions technologies, and 1n particular, to an advanced telecom-
munications computing architecture data exchange system,

an exchange board and a data exchange method.

BACKGROUND OF THE INVENTION

The ATCA (Advanced Telecommunications Computing,
Architecture, ATCA) 1s an open industry standard architec-
ture formulated and developed by the PICMG (Peripheral
Component Interconnect Industrial Computer Manufacturers
Group), and 1s oriented as a common hardware platiorm
technology for communications equipment and computing,
servers. Communications equipment and computing server
equipment that meet various requirements may be con-
structed through various modules based on ATCA standards.

PICMG 3.0 standards define the structure of the ATCA and
specifications such as backboard interconnection topology. It
1s stipulated that the ATCA has a structure of a backboard 1n
the middle with a front board and a rear board, where
exchange boards (Hub Board) and service boards (Node
Board, also referred to as a node board) are front boards, and
service boards are interconnected through Full Mesh (Full
Mesh) topology architecture or through exchange boards.
According to the PICMG 3.0 standards, each subrack of the
ATCA supports 16 slots at the most, and supports 16 boards
(including exchange boards and service boards) correspond-
ingly. When service boards are interconnected through
exchange boards by adopting a dual star topology architec-
ture, the ATCA supports 14 service boards and two exchange
boards at the most, and each exchange board 1s 1ntercon-
nected with the other 15 boards (14 service boards and one
exchange board) through the backboard.

During application, limited by the technological level, an
ATCA product generally supports only 14 slots, that 1s, sup-
porting 14 boards. During application, two exchange boards
are connected to 12 service boards through a dual star topol-
ogy architecture. As shown 1n FIG. 1, an exchange board 1 1s
connected to the other 12 service boards and an exchange
board 2. Similarly, the exchange board 2 1s connected to the
other 12 service boards and the exchange board 1.

PICMG 3.0 specifications also define the size of ATCA
boards and subracks, where connection zones of boards and
the backboard are divided into three zones: Zonel (zone 1),
Zone2 (zone 2) and Zone3 (zone 3). Zonel and Zone2 are
defined according to the specifications, to ensure that ATCA
boards of all manufacturers are compatible. Zone3 may be
customized, and different manufacturers define the Zone3
differently. Zone2 1s defined as a Fabric interface (fabric
interface), which 1s the major service data interaction zone of
the entire ATCA, and 1s also referred to as a service data plane.
Reterring to FIG. 2, 1n Zone2, each slot provides four signal
channels constituted by difference sending and receiving port
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2

pairs to implement a bidirectional Fabric (fabric) exchange
channel, which 1s mainly used for broadband data exchange
(such as Internet protocol IP data with relatively large band-
width) between service boards and exchange boards. During
implementation, four difference sending and receirving port
pairs on an exchange board are connected to a service board
through the backboard to form a Fabric exchange channel.
Each difference sending and receiving port pair includes a
pair of difference receiving ports and a pair of difference
sending ports. For the convenience of description, four dif-
ference sending and recerving port pairs are called a “Fabric
port group” for short.

With extensive application of the ATCA platform 1n the
telecommunications computing control field, 1n many appli-
cation scenarios, 1n addition to the IP service, some narrow-
band services (with smaller bandwidth as compared with
services implemented through Fabric channels), such as the
FC (Fiber Channel, FC), TDM (Time-division multiplexing,
TDM), SAS (Senal Attached SCSI, SAS), SCSI (Small Com-
puter System Interface, SCSI), SATA (Serial ATA, SATA) and
SSD (solid-state drive, SSD), need to be supported. In the
prior art, the method for meeting requirements of services
such as the FC, SCSI, SAS and TDM on the ATCA platform

1s: adopting an ASIC or logic chip (such as an FPGA) to
convert narrowband service data of the FC, SCSI, TDM and
SAS into IP packets, and performing service data exchange
through a Fabric exchange channel (one of the signal chan-
nels constituted by difference sending and receiving port
pairs) of the ATCA.

In the implementation of the present invention, the imven-
tors find that the prior art at least has the following problems.

In the prior art, when data of narrowband services such as
the TDM 1s converted 1nto IP packets, and data exchange 1s
implemented through a Fabric exchange channel, the IP pro-
tocol 1s complex. Therefore, when a dedicated ASIC or logic
chip (such as an FPGA) 1s adopted to implement IP packet
conversion, implementation at the interface side 1s complex,
and 1n addition, a certain time delay 1s caused by the process-
ing, thereby aflecting the service performance.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide an
advanced telecommunications computing architecture data
exchange system, a related exchange board and a related data
exchange method, which are used for solving the problem of
complex implementation of narrowband data exchange and
high manufacturing costs in the prior art.

An embodiment of the present invention provides an
advanced telecommunications computing architecture ATCA
data exchange system, including:

a backboard, at least one exchange board and at least one
service board; where

the exchange board includes at least one Fabric port group.,
and each Fabric port group 1s connected to one service board
through the backboard to form a first exchange channel for
broadband service data exchange, where the Fabric port
group includes four difference sending and receiving port
pairs, and each difference sending and receiving port pair
includes a pair of difference receiving ports and a pair of
difference sending ports; and

a connector 20 1n Zone2 of the exchange board includes at
least one difference sending and receiving port pair, and each
difference sending and receiving port pair 1s connected to a
service board through the backboard to form a second
exchange channel, which 1s independent of the first exchange
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channel and 1s configured for a separate narrowband service
data exchange that 1s independent of the broadband data
exchange.

An embodiment of the present invention further provides
an exchange board, which 1s used 1n a first advanced telecom-
munications computing architecture ATCA data exchange
system, and the ATCA data exchange system includes a back-
board, at least one exchange board and at least one service
board; where

the exchange board includes at least one Fabric port group,
and each Fabric port group 1s connected to one service board
through the backboard to form a first exchange channel for
broadband service data exchange, where the Fabric port
group includes four difference sending and receiving port
pairs, and each difference sending and receiving port pair
includes a pair of difference receiving ports and a pair of
difference sending ports; and

a connector 20 1 Zone2 of the exchange board includes at
least one difference sending and recerving port pair, and each
difference sending and receiving port pair 1s connected to a
service board through the backboard to form a second
exchange channel, which 1s independent of the first exchange
channel, for narrowband service data exchange that 1s 1inde-
pendent of the broadband data exchange through the second
exchange channel separately.

An embodiment of the present invention further provides
an ATCA data exchange method applied in an ATCA data
exchange system, where the ATCA data exchange system
includes:

a backboard, at least one exchange board and at least one
service board:;

the exchange board 1includes at least one Fabric port group,
and each Fabric port group 1s connected to one service board
through the backboard to form a first exchange channel for
broadband service data exchange, where the Fabric port
group includes four difference sending and receiving port
pairs, and each difference sending and receiving port pair
includes a pair of difference receiving ports and a pair of
difference sending ports; and

a connector 20 1n Zone?2 of the exchange board includes at
least one difference sending and recerving port pair, and each
difference sending and recerving port pair 1s connected to one
service board through the backboard to form a second
exchange channel, which 1s independent of the first exchange
channel and 1s configured for a separate narrowband service
data exchange that 1s independent of the broadband data
exchange.

The foregoing method includes:

performing broadband service data exchange through the
first exchange channel; and

performing narrowband service data exchange through the
second exchange channel.

The foregoing techmical solutions have the following
advantages:

Embodiments of the present invention use a connector 20
to form a second exchange channel that 1s independent of the
Fabric exchange channel. Therefore, when narrowband ser-
vice data exchange that 1s independent of the broadband data
exchange 1s performed, 1t 1s unnecessary to perform data
packet conversion before completing data exchange through
the Fabric channel, and thereby the processing method 1s
simplified, service delay 1s decreased and service perfor-
mance 1s improved.

BRIEF DESCRIPTION OF THE DRAWINGS

To 1llustrate the techmical solutions according to the
embodiments of the present imvention more clearly, the
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accompanying drawings for describing the embodiments or
the prior art are introduced brietly 1n the following. Appar-
ently, the accompanying drawings in the following descrip-
tion are only some embodiments of the present invention, and
persons skilled 1n the art may derive other drawings from the
accompanying drawings without creative etforts.

FIG. 1 1s a topological structural diagram of connection
between exchange boards and service boards 1n an ATCA
system 1n the prior art;

FIG. 2 1s a schematic diagram of connection between an
exchange board and service boards through Fabric channels
in the prior art according to an embodiment of the present
invention;

FIG. 3 1s a schematic structural diagram of an ATCA sys-
tem according to Embodiment 1 of the present invention;

FIG. 4 1s a schematic diagram of connection between
boards and a subrack according to Embodiment 1 of the
present invention;

FIG. 5 1s a schematic diagram of logical slots of an ATCA
system according to Embodiment 2 of the present invention;

FIG. 6 1s a schematic diagram of an application scenario of
embodiments of the present invention according to Embodi-
ment 3 of the present invention;

FIG. 7 1s a schematic diagram of another application sce-
nario ol embodiments of the present invention according to
Embodiment 3 of the present invention;

FIG. 8 15 a schematic diagram of another application sce-
nario of embodiments of the present invention according to
Embodiment 3 of the present invention;

FIG. 9 15 a schematic diagram of another application sce-
nario of embodiments of the present invention according to
Embodiment 3 of the present invention;

FIG. 10 1s a schematic structural diagram of boards inte-
grated with electronic cross switches according to Embodi-
ment 4 of the present invention; and

FIG. 11 1s a schematic diagram of an ATCA data exchange
method according to Embodiment 6 of the present invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

In order to make the objectives, technical solutions and
advantages of the present invention more comprehensible, the
present invention 1s further described 1n detail in the follow-
ing with reference to the embodiments and accompanying
drawings.

Embodiment 1

The embodiment of the present invention provides an
ATCA data exchange system, and referring to FIG. 3, the
system 1ncludes:

at least one exchange board, at least one service board and
a backboard; where

the exchange board includes at least one Fabric port group.,
and each Fabric port group 1s connected to one service board
through the backboard to form a first exchange channel (a
Fabric exchange channel) for broadband data exchange,
where the Fabric port group includes four difference sending
and receiving port pairs, and each difference sending and
receiving port pair includes a pair of difference recerving
ports and a pair of diflerence sending ports; and

a connector 1n the exchange board, which 1s numbered 20
in the Fabric interface defined by the PICMG, includes at least
one difference sending and receiving port pair, and each dii-
ference sending and recerving port pair 1s connected to a
service board through the backboard to form a second



US 8,811,577 B2

S

exchange channel, which 1s independent of the first exchange
channel, for narrowband service data exchange that 1s 1nde-
pendent of the broadband data exchange through the second
exchange channel separately.

Specifically, in the embodiment of the present invention,
the implementation method of the Fabric exchange channel
(also referred to as the first exchange channel) 1s the same as
that of a Fabric exchange channel in the prior art shown in
FI1G. 2, which 1s 1n accordance with a standard definition, so
that the Fabric exchange channel may be compatible with
boards meeting the standards. In addition, the embodiment of
the present invention adds an exchange channel that 1s inde-
pendent of the Fabric channel, that 1s, the second exchange
channel. The second exchange channel may be used to per-
form data exchange of narrowband services that are indepen-
dent of broadband services, that 1s, data on the second
exchange channel 1s not packed and exchanged through the
Fabric channel together with original broadband data, but 1s
exchanged through the new second exchange channel. The
broadband and narrowband here are relative concepts. The
Fabric exchange channel uses four difference sending and
receiving port pairs, while the second exchange channel uses
one difference sending and recerving port pair. Therefore,
bandwidth supported by the Fabric exchange channel is rela-
tively larger than bandwidth supported by the second
exchange channel. For example, the Fabric channel may sup-
port an IP service with a bandwidth ot 40 G, while the second
exchange channel may support a TDM (Time-division mul-
tiplexing, TDM) service with a bandwidth of 2 G.

In the embodiment of the present invention, each board (a
service board or an exchange board) 1s connected (physically
and electrically) to the backboard through a connector. The
connector 20 indicates a connector numbered 20 1n standard
definition. FIG. 4 1s a schematic diagram of connection
through the connector 20 according to the embodiment of the
present mvention. In FIG. 4, each board (such as a service
board or an exchange board) 1s connected to the backboard by
being mserted nto a related slot (such as slot 1 and slot 2 in
FIG. 4) of a subrack. The specific connection method 1s:
setting a connector (a first connector) 1n a corresponding zone
to be connected of the backboard, setting a connector (a
second connector) in a corresponding zone of a board, imple-
menting physical connection and electrical connection
between the board and the backboard through interconnec-
tion of the two connectors (the first connector and the second
connector), and then implementing connection of electrical
signals of the board to other boards (other boards are also
physically and electrically connected to the backboard
through connectors) through cables on the backboard. For the
second exchange channel 1n the embodiment of the present
invention, the exchange board is connected to the backboard
through a port of the connector 20 in the Fabric interface,
while a connector of the service board 1n the Fabric interface
includes a difference sending and receiving port pair that 1s
clectrically connected, through the backboard, to the differ-
ence sending and receiving port pair that forms the second
exchange channel 1n the connector 20 1n the Fabric interface
of the exchange board. Specifically, the service board may be
connected to the backboard through an 1dle port of any con-
nector (not limited to the connector 20) in the Fabric interface,
and then be electrically connected to the exchange board
through cables on the backboard. It should be noted that,
during an actual application, a connector on the board and a
connector on the backboard are used as a set. Therefore, two
connectors may be regarded as one connector or a set of
connectors, with one being referred to as a male connector
(such as a pin), and the other being referred to as the female
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connector (such as a socket). This embodiment and the fol-
lowing embodiments do not strictly define the concept of a

connector. IT not specified, a connector may be regarded as a
set of connectors including a male connector and a female
connector. The specific selection of connectors and related
connection technologies are technologies well-known by per-
sons skilled 1n the art, which are not described in detail here
again.

The embodiment of the present invention uses a connector
20 to form a second exchange channel that 1s independent of
the Fabric exchange channel. Therefore, when narrowband
service data exchange that 1s independent of IP data exchange
needs to be performed, i1t 1s unnecessary to perform data
packet conversion belore completing the data exchange
through the Fabric channel, and no dedicated ASIC or logic
chip 1s required to perform IP packet conversion processing.
In this way, the processing method 1s simplified, service delay
1s decreased and service performance 1s improved.

Besides, the embodiment of the present invention selects
the connector 20 to maximize compatibility with existing
standard boards. That 1s, the embodiment of the present
invention only changes the connector 20, with the design of
the remaining parts still in accordance with the standard defi-
nition. Therefore, existing standard boards may still be
inserted 1nto parts other than the connector 20 1n a sequence of
the standard definition, and slot definitions of standard boards
are still the same as the standard definitions shown in FIG. 5.

Embodiment 2

The embodiment of the present invention provides more
detailed description of the solution based on the foregoing
Embodiment 1. The embodiment of the present invention
uses an example including two exchange boards and 12 ser-
vice boards for description, and the topological structure
adopts a dual star structure shown 1n FIG. 1.

FIG. 5 1s a schematic diagram of logical slots (some signal
definitions related to physical slots) defined 1n the standards.
On the left of FIG. 5, each of 120/P20, J21/P21, 122/P22,
123/P23 and J24/P24 represents a connector among connec-
tors 20-24, where J20 1ndicates a male connector (such as a
pin) of a connector and P20 indicates a female connector
(such as a socket) of the connector. The indication methods of
the J21/P21, J22/P22, 123/P23 and J24/P24 are similar, which
are not described in detail here again. For the convenience of
description, the embodiment of the present invention does not
strictly distinguish the connector 20 and the connector J20/
P20. The connector 20 may also be represented by J20/P20.

As shown 1n FIG. 3§, each connector (such as J20/P20)
includes 10*4 difference 81gnal pairs (each small rectangle in
FIG. 5 represents each difference signal pair), where the
numbers 1-10 represent ten rows and labels ab, cd, ef and gh
(at the lower part of the FIG. 5 on the left) represent that each
row has four difference signal pairs (ab, cd, ef and gh repre-
sents one pair of difference signals respectively).

A Fabric exchange channel may be designed based on the
existing standard definition, where four difference sending
and receiving port pairs are used as one Fabric exchange
channel (a first exchange channel), and each difference send-
ing and recerving port pair mcludes a pair of difference
recelvmg ports and a palr of difference sending ports, that 1s,
elght difference signal pairs are required ultimately. As shown
in FIG. §, one Fabric exchange channel (such as a Channel
(channel) '/ shown on the right of FIG. 5) uses eight difference
signal pairs (e1ght difference signal pairs 1n total in rows 1 and
2 of the J22/P22 connector 1n FI1G. §) shown on the left of FIG.

S.
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It can be seen from the difference signal pairs on the leit of
FIG. 5 that, except for J20/P20, 96 difference signal pairs 1n
total may be used for Fabric exchange channels (J21/P21 has
40 (4*10=40) pairs, J22/P22 has 40 (4*10=40) pairs, and
J123/P23 has 16 (4*4 (row 1 to row 4)=16) pairs). Therelore, s
12 Fabric exchange channels may be supported (each channel
requires eight difference signal pairs, and require 96
(12%8=96) difference signal pairs in total). That 1s, an
exchange board may be connected to 12 service boards
respectively through 12 Fabric exchange channels.

To implement the second exchange channel that 1s inde-
pendent of the Fabric exchange channels, the embodiment of
the present invention uses difference signal pairs of the con-

nector 20 (J20/P20) 1n the Fabric interface (Zone2). Referring

TABLE 1
Connector Channel 1 2 3 4 5 6 7 8
P20 CLK CLK1_A+ CLK1_A- (CILK1_B+ CCLK1_B- CLK2_ A+ CLK2_A- CCLK2 B+ CLK2_B-
UPDATE UPl1_T+ UP1_T- UP1_R+ UP1__R- CLK3_A+ CLK3_A- CLK3 B+ CLK3_ B-
Up2_ T+ UP2_ T- UP2 R+ UP12 R- UP3_ T+ UP3_ T- UP3__ R+ UP3 R-
UP4_ T+ UP4_ T- UP4_ R+ UP4__R- UPS_ T+ UpPs_T- UP5__ R+ UP5_ R-
FC12~11 FC12_ T+ FC12_T- FC12_ R+ FC12_ R- FC11_T+ FC11_T- FC11_R+ FC11__R-
FC10~9 FC10_ T+ FC10_T- FC10_ R+ FC10_R- FCO_ T+ FC9_ T- FC9_ R+ FC9_ R-
FC8~7 FC8_ T+ FC8_T- FC8__R+ FC8_ R- FC7_ T+ FC7_T- FC7_R+ FC7_R-
FC6~5 FC6_ T+ FC6_ T- FC6_ R+ FC6_ R- FC5_ T+ FC5_T- FC5_ R+ FC5__R-
FC4~3 FC4 T+ FC4 T- FC4 R+ FC4 R- FC3 T+ FC3 T- FC3 R+ FC3 R-
FC2~1 FC2_ T+ FC2_ T- FC2__ R+ FC2_ R- FC1_ T+ FC1_T- FC1_ R+ FC1__R-
P21 FB12 FB12_ T3+ FB12_ T3- FB12_R3+ FB12_R3- FB12 T2+ FB12_ T2 FB12_ R2+ FB12_R2-
FB12_ Tl1+ FB12 T1- FB12 R1+ FB12 R1- FB12 TO0+ FB12 TO FB12 RO+ FB12_ RO-
FB11 FB11_T3+ FB11_T3- FBI11_R3+ FBl11_R3- FB11_ T2+ FB11_T2 FB11_R2+ FB11_R2-
FB11_T1+ FB11_ T1- FB11_R1+ FBl11_R1- FB11_TO+ FB11_TO FB11_RO+ FB11_RO-
FB10 FB10 T3+ FB10_ T3- FB10_R3+ FB10_R3- FB10 T2+ FB10_ T2 FB10_ R2+ FB10_ R2-
FB10_Tl1+ FB10_T1- FB10_R1+ FB10_R1- FB10_ TO0+ FB10_TO FB10__RO+ FB10__RO-
FB9 FB9_ T3+ FBO_ T3- FB9_ R3+ FBO9_ R3- FBO_ T2+ FB9_ T2- FB9_ R2+ FBY9_R2-
FB9 TI1+ FBO9 Ti1- FB9 Rl1+ FB9 Rl1- FBO9 TO+ FB9 TO- FB9 RO+ FB9 RO-
FBE8 FB&_ T3+ FB&_ T3- FB&8_ R3+ FB8_ R3- FB8_ T2+ FB&_ T2- FB8__R2+ FB&__R2-
FB&_ TI1+ FB&_ T1- FB&_ R1+ FB8_ R1- FB8_ TO+ FB&_ TO- FB8_ RO+ FB&_ RO-
P22 FB7 FB7 T3+ FB7 T3- FB7 R3+ FB7 R3- FB7 T2+ FB7 T2- FB7 R2+ FB7 R2-
FB7_ TI1+ FB7_T1- FB7_ R1+ FB7_R1- FB7__TO+ FB7_TO- FB7__RO+ FB7_RO-
FB6 FB6_ T3+ FB6_ T3- FB6_ R3+ FB6_ R3- FB6_ T2+ FB6_ T2- FB6_ R2+ FB6_ R2-
FB6 TI1+ FB6_ T1- FB6_ R1+ FB6_ R1- FB6_ TO+ FB6_ TO- FB6_ RO+ FB6_ RO-
FB35 FB5_ T3+ FB5_T3- FB5_ R3+ FB5_ R3- FB5_ T2+ FB5_ T2- FB5_ R2+ FB5_ R2-
FB5_ TI1+ FB5_T1- FB5__R1+ FB5_R1- FB5_ TO+ FB5_ TO- FB5_ RO+ FB5_ RO-
FB4 FB4 T3+ FB4 T3- FB4 R3+ FB4 R3- FB4 T2+ FB4 T2- FB4 R2+ FB4 R2-
FB4_ TI1+ FB4_ T1- FB4_R1+ FB4_ R1- FB4_ TO+ FB4_ TO- FB4_ RO+ FB4_RO-
FB3 FB3_ T3+ FB3_ T3- FB3_ R3+ FB3_ R3- FB3_ T2+ FB3_T2- FB3_ R2+ FB3_R2-
FB3 TI1+ FB3 TI1- FB3 R1+ FB3_ Rl1- FB3 TO+ FB3 TO- FB3_ RO+ FB3_ RO-
P23 FB2 FB2_ T3+ FB2_T3- FB2_ R3+ FB2_ R3- FB2_ T2+ FB2_T2- FB2__R2+ FB2_R2-
FB2_ TI1+ FB2_T1- FB2_R1+ FB2_R1- FB2_TO+ FB2_ TO- FB2_ RO+ FB2_ RO-
FB1 FB1_ T3+ FB1_T3- FB1_R3+ FB1__R3- FB1_ T2+ FB1_T2- FB1__R2+ FB1_R2-
FB1_TI1+ FB1_T1- FB1_R1+ FB1_R1- FB1__TO+ FB1_TO- FB1__ RO+ FB1_RO-
Shmece SM2_ T+ SM2_ T- SM2_ R+ SM2_ R- SM1_T+ SM1_T- SM1__R+ SM1__ R-
BASE1 B12_TI1+ B12_TI1- B12_ R1+ B12_R1- B12_ TO+ B12_ TO- B12_ RO+ B12_ RO-
BASE1 B1l TI1+ Bl1l TI1- B1l R1+ Bl1l RI1- Bl1l_ TO+ B11l TO- B11l RO+ B11_ RO-
P24 BASE1 B10_TI1+ B10_T1- B10__R1+ B10_R1- B10_ TO+ B10__TO- B10_ RO+ B10__ RO-
BASE9 B9_ Ti1+ B9 T1- B9_ R1+ B9 _ R1- B9 TO+ B9_ TO- B9_ RO+ B9_ RO-
BASEXR B&_TI1+ B&_T1- B8_R1+ B&_ RI1- B& TO+ B&__TO- B&_ RO+ B&__RO-
BASE7 B7_TI1+ B7_TI1- B7_R1l+ B7_Rl1- B7__TO+ B7_ TO- B7__RO+ B7_RO-
BASE®6 B6_ Tl+ B6_ T1- B6__R1+ B6_ R1- B6  TO+ B6_ TO- B6_ RO+ B6_ RO-
BASES B5_T1+ B5_TI1- B5_R1+ B5_ R1- B5_ TO+ B5_TO- B5_ RO+ B5_RO-
BASE4 B4 Ti1+ B4 Ti1- B4 R1+ B4 RI1- B4 TO+ B4 TO- B4 RO+ B4 RO-
BASE3 B3_TI1l+ B3_TI1- B3_R1+ B3_R1- B3_ TO+ B3_TO- B3_ RO+ B3__RO-
BASE? B2_Tl+ B2 _T1- B2_R1+ B2_RI1- B2 TO+ B2_ TO- B2_ RO+ B2_ RO-
BASE1 Bl_TI1+ Bl_TI1- Bl_R1+ Bl_RI1- Bl_TO+ B1_TO- Bl__RO+ B1_RO-

10

to FIG. 5, J20/P20 1n the Fabric intertace has 24 (6(row 5 to
row 10)*4=24) difference signal pairs. For the second

exchange channel, each channel requires one diflerence send-
ing and receiving port pair, that 1s, a pair of difference receiv- 65
ing ports and a pair of difference sending ports. Therefore,
two difference signal pairs (two small rectangles 1n FIG. §)

3
shown 1n FIG. S are required. J20/P20 1n the Fabric interface
has 24 difference signal pairs 1n total. Therefore, 12 (24/
2=12) second exchange channels 1n total may be supported.
That 1s, an exchange board may be connected to 12 service
boards respectively through 12 second exchange channels.

Table 1 lists the definition of each signal 1n the connector
P20 according to the embodiment of the present invention. It
can be understood that, the other connector J20 also has 1ts
corresponding signal defimitions. The definition of each sig-
nal of P20 1s used as an example for description.

For Fabric exchange channels, all signals of P21 and P22

signals listed 1n Table 2.

and some signals of P23 are used here. In Table 1, a channel
name beginning with “FB” represents a Fabric channel. Tak-

ing a channel 7 (FB7) as an example, the channel 7 uses
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TABLE 2
FB7_T3+ FB7_T3- FB7_R3+ FB7_R3- FB7_T2+ FB7_T2- FB7_R2+ FB7_R2-
FB7_T1+ FB7_T1- FB7_Rl1+ FB7_R1- FB7_TO0+ FB7_TO- FB7_RO+ FB7_RO-

FB7_ RO+ and FB7_RO- indicate a pair of difference

receiving signals (corresponding to a small rectangle in FIG.

5), and FB7_T0+ and FB7_T0- indicate a pair of difference

sending signals. It can be seen that, the channel 7 uses eight

pairs of difference signals 1n total, which specifically include:
four pairs of difference sending signals:

(1) FB7_T0+, FB7_T0—; (2) FB7_T1+, FB7_T1-; (3)

FB7_ T2+, FB7_T2-;(4) FB7_T3+, FB7_T3- and
four pairs of difference recerving signals:

(1) FB7_RO+, FB7_R0-; (2) FB7_R1+, FB7_R1-; (3)

FB7_R2+, FB7_R2-; (4) FB7_R3+, FB7_R3-.

Indication of each signal of other Fabric exchange channels
1s similar to that of the FB7, which 1s not described 1n detail
here again.

To implement the second exchange channel that 1s 1nde-
pendent of Fabric exchange channels, the embodiment of the
present mnvention uses two pairs of difference signals, where
one pair of difference signals are difference sending signals,
and the other pair of difference signals are difference receiv-
ing signals. Referring to Table 1, a second exchange channel
1 (FC1)1includes signals listed 1n Table 3. In'Table 3, FC1_R+
and FC1_R1- indicate a pair of difference receiving signals
(corresponding to a small rectangle 1n FIG. §), and FC1_T+
and FC1_T- indicate a pair of difference sending signals.

TABLE 3

FC1_T-

FC1_T+ FC1_R+ FC1_R-

For definitions of signals used by other second exchange
channels (such as FC2-FC12), reference may be made to
definitions 1n Table 1, where each channel also includes a pair
of difference receiving signals and a pair of difference send-
ing signals.

Through the foregoing description of definitions of specific
signals of connectors, persons skilled 1n the art may design,
according to definitions of these signals, Fabric exchange
channels and second exchange channels that are independent
of the Fabric exchange channels.

In the embodiment of the present invention, a service board
needs to be connected to two exchange boards. Therelore,
similar to the design of the exchange board, corresponding
connectors also need to be set on the service boards which are
then physically and electrically connected to the backboard
through connectors on the backboard, and then the service
boards are connected to exchange boards through cables on
the backboard, and thereby electrical signal connection
between service boards and exchange boards 1s implemented,
forming Fabric exchange channels and second exchange

channels. Correspondingly, a connector in the Fabric inter-
face of a service board includes a difference sending and
receiving port pair that 1s electrically connected, through the
backboard, to the difference sending and recerving port pair
that forms the second exchange channel 1n the connector 20 in
the Fabric interface of the exchange board.

In the embodiment of the present invention, two exchange
boards are not connected through the backboard, but are
connected by using cables through a panel 1n front of the
subrack. The technology of connecting exchange boards
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through the panel 1s well-known by persons skilled in the art,
which 1s not described 1n detail here again.

Embodiment 3

The embodiment of the present invention describes several
application scenarios of the solution in detail based on the
foregoing Embodiment 1 and Embodiment 2. In the embodi-
ment of the present mnvention, a Fabric exchange channel (a
first exchange channel) bears IP data, and a second exchange
channel may be used to bear data of services such as the FC
(Fiber Channel, FC), TDM (Time-division multiplexing,
TDM), SAS (Senal Attached SCSI, SAS), SCSI (Small Com-
puter System Interface, SCSI), SATA (Serial ATA, SATA) and
SSD (solid-state drive, SSD).

The broadband service data borne by the Fabric exchange
channel being IP data, and the narrowband service data borne
by the second exchange channel being FC or TDM (presented
as FC/TDM) service data are taken as an example in the
following.

FIG. 6 1s an application scenario according to the embodi-
ment of the present invention, where a curve 62 represents an
IP data flow. It can be seen from FIG. 6 that, the IP data flow
62 passes through an Fthernet interface, an Ethernet interface
chip, a bridge chip (such as a north and south bridge), a CPU,
a Fabric 40GE MAC (service 40G Ethernet physical layer
chip) of a service board, a backboard, an IP exchange channel

of an exchange board 1 to reach a service board 2, then passes
through a Fabric 40GE MAC, a bridge chip of the service

board 2, to be processed by the CPU. The technologies of
processing the IP data flow by each of the foregoing units are
well-known by persons skilled in the art, which are not
described in detail here again.

In this application scenario, a curve 61 represents an
FC/TDM data flow. It can be seen from FIG. 6 that, the
FC/TDM data flow passes through an FC/TDM 1nterface, an
FC/TDM processing chip, the backboard, a TDM/FC service
channel of the exchange board 1 and the backboard to reach
an FC/TDM processing chip and an FC/TDM 1interface of the
service board 2, so as to complete exchange of FC/TDM data.
The technelegles of processing the FC/TDM data by each of
the foregoing units are also well-known by persons skilled 1n
the art, which are not described in detail here again.

FIG. 7 1s another application scenario according to the
embodiment of the present invention, where processing of an
IP data tflow 72 1s the same as that 1n the scenario shown 1n
FIG. 6, which 1s not described 1n detail here again. An
FC/TDM data tlow 71 passes through an FC/TDM 1nterface,
an FC/TDM processing chip of a service board 1, a back-
board, a TDM/FC service exchange channel to reach an ASIC
or a logic chip of a service board 2 for processing, and then a
processing result 1s sent to the CPU of the service board 2 for
processing. In the embodiment of the present invention, the
method of processing the FC/TDM data by the ASIC or logic
chip or the CPU is not limited, and persons skilled in the art
may perform processing corresponding to a specific service
on the FC/TDM data according to the application of the
specific service.

FIG. 8 1s another application scenario according to the
embodiment of the present invention, where processing of an
IP data flow 82 1s 1n the same as that 1n the scenario shown 1n
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FIG. 6, which 1s not described in detail here again. An
FC/TDM data flow 81 passes through an FC/TDM 1nterface,

an FC/TDM processing chip of a service board 1, a back-
board, a TDM/FC service exchange channel, and then
exchanges data with a board 1n another subrack through the
backboard.

FIG. 9 1s another application scenario according to the
embodiment of the present invention, where the broadband
service data 1s IP data and the narrowband service data 1s
extended IP data. That 1s, the bandwidth of the extended IP
data 1s smaller than the bandwidth of the IP data of the
broadband service data, and the extended IP data 1s used as an
extension of an existing IP service.

In the application scenario, processing of an IP data flow 92
1s 1n the same as that 1n the scenario shown 1n FIG. 6, which
1s not described in detail here again. An extended IP data flow
91 passes through an extended Ethernet interface, an Ethernet
interface chip, a bridge chip and a CPU of a service board 1,
a backboard, an extended IP exchange channel and the back-
board to reach a service board 2, then passes through a bridge
chip of the service board 2, to be processed by the CPU of the
service board 2.

It should be noted that, in the foregoing scenarios, the
implementation method of the first exchange channel (IP
exchange channel) and the second exchange channel (ex-
change channel of services such as TDM/FC or extended IP
exchange channel) 1s described in the foregoing embodi-
ments, which 1s not described 1n detail here again. The hard-
ware of service boards for processing a variety of data in the
foregoing scenarios of the embodiment of the present mven-
tion 1s merely some specific examples, and persons skilled in
the art may design corresponding hardware circuits according,
to a specific service application, and use two independent
channels to exchange data, which 1s not limited here.

It can be seen from the foregoing application scenarios
that, when the narrowband service data borne by the second
exchange channel 1s FC/TDM service data, the FC/TDM
service data and IP data are transmitted through two indepen-
dent channels 1n an exchange board, and the FC/TDM service
data does not need to be converted 1nto IP data and processed
through the IP exchange channel, and thereby the design 1s
simplified, service delay 1s decreased and service perfor-
mance 1s improved. When the narrowband service data borne
by the second exchange channel 1s extended IP data, exten-
sion of the existing IP data service may be implemented.

Embodiment 4

It 1s mentioned 1n the background of the invention that, in
the prior art, narrowband data 1s converted into IP packets and
transmitted through a Fabric channel. In this case, a signal
channel constituted by a difference sending and receiving
port pair of the Fabric channel 1s occupied to transmit nar-
rowband service data. After the embodiment of the present
invention 1s adopted, a second exchange channel 1s added to
the connector 20 1n the Fabric interface zone. Therefore, new
exchange boards, service boards and the backboard need to be
changed (that 1s, corresponding signal definitions need to be
added to the exchange boards and the service boards, and the
exchange boards and the service boards are electrically con-
nected through newly added cables on the backboard), result-
ing 1 a compatibility problem due to different designs
between new exchange boards and old service boards or
between new service boards and old exchange boards.

To solve the compatibility problem, in the embodiment of
the present invention, an electrical cross switch 1s added to
both newly designed exchange boards and service boards.
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FIG. 10 1s a schematic diagram of connection between two
new boards according to the embodiment of the present
invention. The switch may be set inside a board or connected
to a board as a daughter board, which 1s not limited here.
When a new board 1s connected to an old board, the structure
of the new board 1s shown 1n FIG. 10, and the old board still
uses an existing design (three difference sending and receiv-
ing port pairs of a Fabric channel are used for broadband
services, and one difference sending and recerving port pair 1s
used for narrowband services).

When a new board (an exchange board or a service board)
1s connected to an old board, channels are selected through
switches, so that the new board utilizes a difference sending
and recerving port pair of a Fabric channel (for example, the
difference sending and receiving port pair forming a channel
4 1n FI1G. 10) to execute narrowband data exchange, so as to be
compatible with existing equipment.

When a new board 1s connected to a new board, channels
are selected through switchover of the switches, so that the
new boards utilize newly added second exchange channels
(channels defined 1n the connector 20 1n the Fabric interface
zone ol an exchange board) to perform narrowband data
exchange. All four signal channels of the Fabric channel are
used to implement broadband data exchange, rather than one
signal channel (such as the channel 4) of the four channels,
which 1s used to implement narrowband data exchange.

In the embodiment of the present invention, electrical cross
switches are set, and through switchover of the switches, new
boards may be connected to new boards or old boards, thereby
implementing compatibility between new boards and old
boards.

Embodiment 5

The embodiment of the present invention provides an
exchange board based on the foregoing embodiments, 1n
which the exchange board 1s applied mn an ATCA data
exchange system, where the ATCA data exchange system
includes a backboard, at lease one exchange board and at least
one service board; where

the exchange board includes at least one Fabric port group,
and each Fabric port group 1s connected to one service board
through the backboard to form a first exchange channel for
broadband service data exchange, where the Fabric port
group includes four difference sending and receirving port
pairs, and each difference sending and receiving port pair
includes a pair of difference receiving ports and a pair of
difference sending ports; and

a connector 20 1n a Fabric iterface of the exchange board
includes at least one difference sending and receirving port
pair, and each difference sending and receiving port pair 1s
connected to one service board through the backboard to form
a second exchange channel that 1s independent of the first
exchange channel, for narrowband service data exchange that
1s independent of the broadband data exchange through the
second exchange channel separately.

For a specific implementation form of the exchange board
according to the embodiment of the present invention, refer-
ence may be made to related description 1n each of the fore-
going embodiments, which 1s not described in detail here
again.

Through the embodiment of the present invention, the nar-
rowband data may not need to be packed and transmitted
through the first exchange channel, and thereby processing of
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narrowband services 1s simplified, service delay 1s decreased
and service performance 1s improved.

Embodiment 6

The embodiment of the present mmvention provides an
ATCA data exchange method based on the foregoing embodi-
ments, where the method includes:

S61: Set at least one exchange board 1n an ATCA system,
where the exchange board includes at least one Fabric port
group, and each Fabric port group 1s connected to one service
board through a backboard to form a first exchange channel
for broadband service data exchange, where the Fabric port
group includes four difference sending and receiving port
pairs, and each difference sending and receiwving port pair
includes a pair of difference receiving ports and a pair of
difference sending ports; a connector 20 1n the Fabric inter-
face of the exchange board defined by the ATCA specifica-
tions includes at least one difference sending and recerving
port pair, and each difference sending and receiving port pair
1s connected to one service board through the backboard to
form a second exchange channel that 1s independent of the
first exchange channel, for narrowband service data exchange
that 1s independent of the broadband data exchange through
the second exchange channel separately.

S62: The exchange board receives broadband data sent
from the service board and performs broadband service data
exchange through the first exchange channel.

S63: The exchange board receives narrowband data sent
from the service board and performs narrowband service data
exchange through the second exchange channel.

The sequence of executing the foregoing steps S62 and 563
of the method 1s not limited. Steps S62 and S63 may be
performed simultaneously, or only step S62 or S63 may be
performed 1n a certain period.

The specific method for processing broadband services and
narrowband services as well as related processing units are
not limited in the embodiment of the present invention, and
persons skilled in the art may select processing units related to
specific services according to a practical application scenario
to implement corresponding broadband services and narrow-
band services through the first exchange channel and the
second exchange channel.

Through the embodiment of the present invention, the nar-
rowband data may not need to be packed and transmitted
through the first exchange channel, and thereby processing of
narrowband services 1s simplified, service delay 1s decreased
and service performance 1s improved.

Persons skilled 1n the art may understand that all or part of
the steps of the method according to the embodiments of the
present invention may be implemented by a program instruct-

ing relevant hardware. The program may be stored 1n a com-

puter readable storage medium. When the program runs, the
steps of each method according to the embodiments of the
present invention may be performed. The storage medium

may be a magnetic disk, an optical disk, a Read-Only
Memory (Read-Only Memory, ROM), a Random Access

Memory (Random Access Memory, RAM), and the like.
The objectives, technical solutions, and beneficial effects
of the present mnvention have been described 1n further detail
through the specific embodiments. It should be understood
that the above descriptions are merely exemplary embodi-
ments of the present invention, but not intended to limait the
protection scope of the present invention. Any modifications,
equivalent replacements, or improvements made without
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departing from the spirit and principle of the present mven-
tion should fall within the protection scope of the present
invention.

What 1s claimed 1s:

1. An advanced telecommunications computing architec-
ture (ATCA) data exchange system, comprising:

a backboard, at least one exchange board and at least one

service board;

wherein the exchange board comprises at least one Fabric
port group, and each Fabric port group 1s connected to
one service board through the backboard to form a first
exchange channel for broadband service data exchange,
wherein the Fabric port group comprises four difference
sending and receiving port pairs, and each difference
sending and receiving port pair comprises a pair of dif-
ference recerving ports and a pair of difference sending
ports; and

a connector 1n the exchange board, which 1s numbered 20
in a Fabric interface defined by Peripheral Component
Interconnect Industrial Computer Manufacturers Group
PICMG specifications, comprises at least one difference
sending and receiving port pair, and each difference
sending and recerving port pair 1s connected to a service
board through the backboard to form a second exchange
channel, which i1s independent of the first exchange
channel and 1s configured for a separate narrowband
service data exchange that 1s independent of the broad-
band data exchange.

2. The ATCA data exchange system according to claim 1,

wherein:

the ATCA data exchange system comprises 12 service
boards, the connector 20 1n the Fabric interface of the
exchange board comprises 12 difference sending and
receiving port pairs, and the 12 difference sending and
receiving port pairs are all ports of the connector 20
except for ports occupied by a clock CLK channel and an
update UPDATE channel.

3. The ATCA data exchange system according to claim 1,

wherein:

a connector in the Fabric interface of the service board
comprises a difference sending and recerving port pair
that 1s electrically connected, through the backboard, to
the difference sending and receiving port pair that forms
the second exchange channel in the connector 20 1n the
Fabric interface of the exchange board.

4. The ATCA data exchange system according to claim 1,

wherein:

the exchange board further comprises an electrical cross
switch, configured to select a channel, so that when the
exchange board 1s connected to a service board in a
second ATCA data exchange system, one difference
sending and receiving port pair in the Fabric port group
1s connected to a service board in the second ATCA
system through a backboard of the second ATCA system
to form an independent narrowband channel, wherein
three difference sending and receirving port pairs in the
Fabric port group form a broadband channel 1n the sec-
ond ATCA system, and one difference sending and
receiving port pair in the Fabric port group forms a
narrowband channel.

5. An exchange board, applied 1n a first advanced telecom-
munications computing architecture (ATCA) data exchange
system, and forming an exchange channel with at least one
service board through a backboard in the ATCA data
exchange system for data exchange;

wherein the exchange board comprises at least one Fabric
port group, and each Fabric port group 1s connected to
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one service board through the backboard to form a first
exchange channel for broadband service data exchange,
wherein the Fabric port group comprises four difference
sending and receiving port pairs, and each difference
sending and receiving port pair comprises a pair of dif- >
ference recerving ports and a pair of difference sending

8. An advanced telecommunications computing architec-
ture (ATCA) data exchange method, comprising:

setting at least one exchange board in an ATCA system,

wherein the exchange board comprises at least one Fab-

ric port group, and each Fabric port group 1s connected

to a service board through a backboard to form a first

exchange channel for broadband service data exchange,

ports; and

a connector 1n the exchange board, which 1s numbered 20

in a Fabric interface defined by Peripheral Component
Interconnect Industrial Computer Manufacturers Group
PICMG, comprises at least one difference sending and
receiving port pair, and each difference sending and
receiving port pair 1s connected to one service board
through the backboard to form a second exchange chan-
nel, which 1s independent of the first exchange channel
and 1s configured for a separate narrowband service data
exchange that 1s mdependent of the broadband data
exchange.
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wherein each Fabric port group comprises four differ-
ence sending and recerving port pairs, and each differ-
ence sending and receiving port pair comprises a pair of
difference recerving ports and a pair of difference send-
ing ports; a connector 20 1n the exchange board 1n a
Fabric interface defined by Peripheral Component Inter-
connect Industrial Computer Manufacturers Group
PICMG comprises at least one difference sending and
receiving port pair, and each difference sending and
receiving port pair 1s connected to one service board
through the backboard to form a second exchange chan-
nel, which 1s independent of the first exchange channel

and 1s configured for a separate narrowband service data

6. The exchange board according to claim 5, wherein: 50

the exchange board further comprises an electrical cross
switch, configured to select channels, so that when the
exchange board 1s connected to a service board in a
second ATCA data exchange system, one difference
sending and receiving port pair of the Fabric port group .
1s connected to a service board in the second ATCA
system through a backboard of the second ATCA system
to form an independent narrowband channel, wherein
three difference sending and receiving port pairs of the
Fabric port group form a broadband channel in the sec-
ond ATCA system, and one difference sending and
receiving port pair of the Fabric port group forms a
narrowband channel.

7. The exchange board according to claim 6, wherein:

the electrical cross switch 1s further configured to select .

exchange that 1s imndependent of the broadband data
exchange;

receving, by the exchange board, broadband data sent

from the service board and performing broadband ser-
vice data exchange through the first exchange channel;
and

receving, by the exchange board, narrowband data sent

from the service board and performing narrowband ser-
vice data exchange through the second exchange chan-
nel.

9. The ATCA data exchange method according to claim 8,
wherein the exchange board further comprises an electrical
cross switch;

the method further comprising:

select a channel, by the electrical cross switch, so that when

channels, so that at least one Fabric port group of the
exchange board 1n the first ATCA data exchange system
1s connected to one service board of the first ATCA data
exchange system through a backboard of the first ATCA
data exchange system to form a first exchange channel

the exchange board 1s connected to a service board 1n a
second ATCA data exchange system, one difference
sending and receiving port pair in the Fabric port group

1s connected to a service board in the second ATCA
system through a backboard of the second ATCA system

for broadband service data exchange, and at least one * 1o forn} Al 1ndepend§nt narrowbqu channel, ‘Wl?erem
difference sending and receiving port pair of the connec- three: difference sending and receiving port pairs in the
tor 20 in the Fabric interface of the first ATCA data Fabric port group form a broadband channel in the sec-
exchange system 1s connected to a service board in the ond _A_TCA system, and one d}fference sending and
first ATCA data exchange system through the backboard . recerving port pair in the Fabric port group forms a

of the ATCA data exchange system to form a second
exchange channel.

narrowband channel.
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